WHAT IS CLAIMED IS: 



1 . A method of treating a hydrocarbon containing fomiation in situ, comprising: 

providing heat from one or more heat sourcepo at least one portion of the 
formation; / 

allowing the heat to transfer from the oneyor more heat sources to a selected 
section of the formation; / 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the /elected section of the formation is less than 
about 375 ^'C; and / 

producing a mixture from the formation. 

2. The method of claim 1, wherein ther one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

3. The method of claim 1, wherein controlling formation conditions comprises 
maintaining a temperature withinAhe selected section within a pyrolysis temperature 
range. / 

4. The method of claim 1, wherein the one or more heat sources comprise electrical 
heaters. / 

5. The method of claim 1, wherein the one or more heat sources comprise surface 
burners. / 

6. The method of claim l/ wherein the one or more heat sources comprise flameless 
distributed combustors. / 

7. The method of claimll , wherein the one or more heat sources comprise natural 
distributed combustors. 
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8. The method of claim 1 , further comprising controlling a pressure and a temperature 
within at least a majority of the selected section di the formation, wherein the pressure is 
controlled as a function of temperature, or the t^perature is controlled as a function of 
pressure. 

9. The method of claim 1 , further comprisiiVg controlling a pressure within at least a 
majority of the selected section of the formation with a valve coupled to at least one of 
the one or more heat sources. 

10. The method of claim 1, further comriiising controlling a pressure within at least a 
majority of the selected section of the fj&rmation with a valve coupled to a production 
well located in the formation. 

11. The method of claim 1, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. 



12. The method of claim 1, wherein providing heat jfrom the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(Cv), and 
wherein the heating pyrolyzes ajt least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energV/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by |he equation: 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 
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13. The method of claim 1, wherein allowing the heat tb transfer from the one or more 
heat sources to the selected section comprises transferring heat substantially by 
conduction. / 



14. The method of claim 1, wherein providing heat from the one or more heat sources 
comprises heating the selected section such that/a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 

15. The method of claim 1, wherein the prodiiced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

16. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

17. The method of claim 1, wherein the/produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratp of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.00 li to about.0.15. 

18. The method of claim 1, wherein tne produced mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1/ % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 



19. The method of claim 1, wherei 
hydrocarbons, and wherein less thah 
basis, of the condensable hydrocarbons 



the produced mixture comprises condensable 
about 1 % by weight, when calculated on an atomic 
is nitrogen. 



20. The method of claim 1, wherein! the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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21. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons coniprise oxygen containing compounds, ^d wherein the oxygen 
containing compounds comprise phenols. 

22. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by Ayeight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

23. The method of claim 1, wherein the producecy mixture comprises condensable 
hydrocarbons, and wherein greater than about 2(j % by weight of the condensable 
hydrocarbons are aromatic compounds. 

24. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

25. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abou^O.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



26. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 



condensable hydrocarbons are cycloalk 



mes. 



27. The method of claim 1, wherein th(; 
component, wherein the non-condensa3le 
the hydrogen is greater than about 10 ^ 
and wherein the hydrogen is less than 
component. 



produced mixture comprises a non-condensable 
component comprises hydrogen, and wherein 
by volume of the non-condensable component 
about 80 % by volume of the non-condensable 



\ 
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28. The method of claim 1, wherein the produced rmxture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The method of claim 1, further comprising controlling a pressure within at least a 
majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

31. The method of claim 1, further comprising controlling formation conditions such that 
the produced mixture comprises a partip pressure of H2 within the mixture greater than 
about 0.5 bar. 

32. The method of claim 31, whereir/the partial pressure of H2 is measured when the 
mixture is at a production well. 

33. The method of claim 1, whereih controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

34. The method of claim 1, further comprising altering a pressure within the formation to 
inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. 



35. The method of claim 1, further 
providing hydrogen (Hjj) 

within the section; and 

heating a portion of the 



compnsmg: 

to the heated section to hydrogenate hydrocarbons 



section with heat from hydrogenation. 
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36. The method of claim 1, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further /comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



37. The method of claim 1, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

38. The method of claim 1, wherein allowing the heat to transfer comprises substantially 
uniformly increasing a permeability of/a majority of the selected section. 

39. The method of claim 1, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

40. The method of claim 1, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at least about 7 heat sources are disposed in the 
formation for each production \yell. 

41. The method of claim 1, fWther comprising providing heat from three or more heat 
sources to at least a portion oi the formation, wherein three or more of the heat sources 
are located in the formation p a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular patter 



42. The method of claim 1/ further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pMtem, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 



43. The method of clain 
stream and a liquid stresm 



1 , further comprising separating the produced mixture into a gas 
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44. The method of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream and separating the liqui^ stream into an aqueous stream and a 
non-aqueous stream. 

45. The method of claim 1, wherein the produj^ed mixture comprises H2S, the method 
further comprising separating a portion of the H2S from non-condensable hydrocarbons. 



10 



46. The method of claim 1, wherein the produced mixtiire comprises CO2, the method 
further comprising separating a portion OBthe CO2 from non-condensable hydrocarbons. 

47. The method of claim 1, wherein the mixture is produced from a production well, 
wherein the heating is controlled such ^lat the mixture can be produced from the 
formation as a vapor. 



15 48. The method of claim 1, wherein/the mixture is produced from a production well, the 
method further comprising heatings wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 



^2 20 
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49. The method of claim 1, wherein the mixture is produced from a production well, 
wherein a wellbore of the production well comprises a heater element configured to heat 
the formation adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce tne mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H2. 



25 50. The method of claim 1, wherein the minimum pyrolysis temperature is about 270 °C. 



30 



51. The method of claim 1, fprther comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 
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52. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measured at a wellhead 
of a production well, to control an amount of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reducedyfo increase production of condensable 
hydrocarbons, and wherein the pressure is increajied to increase production of non- 
condensable hydrocarbons. 



10 
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53. The method of claim 1, further comprising controlling pressure within the formation 
in a range from about atmospheric pressure Ao about 100 bar, as measured at a wellhead 
of a production well, to control an API gra/vity of condensable hydrocarbons within the 
produced mixture, wherein the pressure is reduced to decrease the API gravity, and 
wherein the pressure is increased to reduce the API gravity. 

£ / 

54. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or npre heat sources to at least a portion of the 
formation; 

allovraig the heat to transfe^ from at least the portion to a selected section of the 
formation substantially by conduotion of heat; 

pyrolyzing at least some j/lydrocarbons within the selected section of the 
formation; and 

producing a mixture frojiTi the formation. 



25 



55. The method of claim 54, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons v^thin the selected section of the formation. 



56. The method of claim 5 
heaters. 



, wherein the one or more heat sources comprise electrical 



30 57. The method of claim |4, wherein the one or more heat sources comprise surface 
burners. 
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58. The method of claim 54, wherein the one or more peat sources comprise flameless 
distributed combustors. 

59. The method of claim 54, wherein the one or mjire heat sources comprise natural 
distributed combustors. 

60. The method of claim 54, further comprisingf controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or th^ temperature is controlled as a function of 
pressure. 

61. The method of claim 54, further comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 .0 ° C per day during pyrolysis. 

62. The method of claim 54, wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (V)lof the hydrocarbon containing formation from the 
one or more heat sources, wherein tl^fe formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at le^t some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/da^ provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the Equation: 

wherein Pwr is the heatirig energy/day, /z is an average heating rate of the 
formation, ps is formation bulk ^ensity, and wherein the heating rate is less than about 10 
°C/day. 



63. The method of claim 54, wnerein providing heat from the one or more heat sources 



comprises heating the selected 
portion of the selected section 



section such that a thermal conductivity of at least a 
is greater than about 0.5 W/(m ^'C). 
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64. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 23°. 



65. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight vj> about 15 % by weight of the 
condensable hydrocarbons are olefins. 

66. The method of claim 54, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a molar ratio of etlrene to ethane in the non-condensable 
hydrocarbons ranges from about 0.001 to about 0.15. 

67. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouu 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is/nitrogen. 

68. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ahfout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

69. The method of claim 54, whereiry the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % Dy weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise j henols. 
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71. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % byyweight of the condensable 
hydrocarbons are aromatic compoimds. 

5 72. The method of claim 54, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

73. The method of claim 54, wherein the produced mixture comprises condensable 
10 hydrocarbons, and wherein less than about j6.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



74. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

15 condensable hydrocarbons are cycloallcanes. 

75. The method of claim 54, wherein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, wherein the 
hydrogen is greater than about lOpo by volume of the non-condensable component, and 

20 wherein the hydrogen is less thai/ about 80 % by volume of the non-condensable 
component. 
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76. The method of claim 54, vmerein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, Avherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 
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78. The method of claim 54 
majority of the selected 
least about 2.0 bar absolute 



further comprising controlling a pressure within at least a 
section of the formation, wherein the controlled pressure is at 
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79. The method of claim 54, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons ajid H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

80. The method of claim 79, wherein the par^al pressure of H2 is measured when the 
mixture is at a production well. 

81. The method of claim 54, further coni|)rising altering a pressure within the formation 
to inhibit production of hydrocarbons ^om the formation having carbon numbers greater 
than about 25. 

82. The method of claim 54, where/n controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

83. The method of claim 54, further comprising: 

providing hydrogen (Hfe) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of tfie section with heat from hydrogenation. 

84. The method of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

85. The method of claim 54, wherein allowing the heat to transfer comprises increasing a 
permeability of a majomty of the selected section to greater than about 100 millidarcy. 



86. The method of cla 
uniformly increasing 



54, wherein allowing the heat to transfer comprises substantially 
permeability of a majority of the selected section. 
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87. The method of claim 54, further comprising controlling the heat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

88. The method of claim 54, wherein producing the mixture comprises producing the 
mixture in a production well, and wherein at leasy about 7 heat sources are disposed in the 
formation for each production well. 



10 



89. The method of claim 54, further comprising providing heat from three or more heat 
sources to at least a portion of the formation/ wherein three or more of the heat sources 
are located in the formation in a unit of hea/ sources, and wherein the unit of heat sources 
comprises a triangular pattem. 



£0 
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90. The method of claim 54, fiirther coniprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 

15 are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattem, and wnerein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattem of units. 

91 . A method of treating a hydrocarbon containing formation in situ, comprising: 
20 providing heat from one o^ more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected seclfion such that a thermal conductivity of at least a portion 
25 of the selected section is greater than about 0.5 W/(m °C). 
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92. The method of claim 91, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 
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93. The method of claim 91, wherein controlling formation conditions comprises 
maintaining a temperature within the selected sectio^ within a pyrolysis temperature 
range. 

94. The method of claim 91, wherein the one or/more heat sources comprise electrical 
heaters. 

95. The method of claim 91, wherein the or^ or more heat sources comprise surface 
burners. 

96. The method of claim 91, wherein throne or more heat sources comprise flameless 
distributed combustors, 

97. The method of claim 91, wherein/the one or more heat sources comprise natural 
distributed combustors. 

98. The method of claim 91, furthe^* comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of tempeyature, or the temperature is controlled as a function of 
pressure. 



99. The method of claim 91, fuither comprising controlling the heat such that an average 
heating rate of the selected section is less than about 1 °C per day during pyrolysis. 



100. The method of claim 9 
sources to at least the portion 

heating a selected 
one or more heat sources, 
wherein the heating pyrolyzes 
the formation; and 



, wherein providing heat from the one or more heat 
Af formation comprises: 
volupie (V)of the hydrocarbon containing formation from the 
whelrein the formation has an average heat capacity (Q.), and 
at least some hydrocarbons within the selected volume of 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, /i is an averaf^ge heating rate of the 
formation, Pb is formation bulk density, and wherein the l^ating rate is less than about 10 
°C/day. 

101 . The method of claim 91 , wherein allowing tl]e heat to transfer comprises 
transferring heat substantially by conduction. 

102. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least/about 25°. 

103. The method of claim 91, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by^eight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 04. The method of claim 9 1 , whereiii the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

105. The method of claim 91, wh^ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1 06. The method of claim 9 1 , \V 
hydrocarbons, and wherein less tHan 
basis, of the condensable hydrocafrbons 



herein the produced mixture comprises condensable 
about 1 % by weight, when calculated on an atomic 
is oxygen. 



V 
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107, The method of claim 91 , wherein the produced mixture Comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 



108. The method of claim 91, wherein the produced rmxture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compouncjs, and wherein the oxygen 
containing compounds comprise phenols. 

1 09. The method of claim 9 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 2y % by weight of the condensable 
hydrocarbons are aromatic compounds. 

110. The method of claim 91 , wherein theA)roduced mixture comprises condensable 
hydrocarbons, and wherein less than about S % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

111. The method of claim 91 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than al/out 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

112. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5/% by weight to about 30 % by weight of the 
condensable hydrocarbons are cycioalkanes. 



113. The method of claim 9 1 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 



component, and wherein the hy* 
condensable component. 



rogen is less than about 80 % by volume of the non- 
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1 14. The method of claim 91, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

115. The method of claim 91 , wherein the produced mix^e comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

1 16. The method of claim 91, further comprising coiitrolling a pressure within at least 
a majority of the selected section of the formation, v^erein the controlled pressure is at 
least about 2.0 bar absolute. 

117. The method of claim 91 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbon^ and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

118. The method of claim 117, wherein ^e partial pressure of H2 is measured when the 
mixture is at a production well. 

119. The method of claim 9 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrpcarbons from the formation having carbon 
numbers greater than about 25. 

120. The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen p-om the mixture into the formation. 



121. The method of claim 9 1 , fmlher comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 



within the section; and 

heating a portion of the se 



tion with heat from hydrogenation. 
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122. The method of claim 91 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



123. The method of claim 91 , wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1 24. The method of claim 91, wherein allowing the/heat to transfer comprises 
substantially uniformly increasing a permeability ofk majority of the selected section. 

125. The method of claim 91 , further comprisij/g controUmg the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1 26. The method of claim 91 , wherein producing the mixture comprises producing the 
mixture in a production well, and wherein art least about 7 heat sources are disposed in the 
formation for each production well. / 

1 27. The method of claim 91 , fiirther Comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in /a imit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 

128. The method of claim 91, furtfter comprising providing heat from three or more 
heat sources to at least a portion of tiie formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fom a repetitive pattern of units. 



129. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a/portion of the 
formation; 

allowing the heat to transfer from the one or more he^ sources to a selected 
section of the formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected sepion of the formation is less than 
about 370 T such that production of a substantial amount of hydrocarbons having carbon 
numbers greater than 25 is inhibited; 

controlling a pressure within at least a maj^Jrity of the selected section of the 
formation, wherein the controlled pressure is at least 2.0 bar; and 

producing a mixture from the formation, wherein about 0.1 % by weight of the 
produced mixture to about 15 % by weight of the produced mixture are olefins, and 
wherein an average carbon number of the p/oduced mixture ranges from 1-25. 

130. The method of claim 129, wherem the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claim 129, wnerein controlling formation conditions comprises 
maintaining a temperature within tpe selected section within a pyrolysis temperature 
range. 

132. The method of claim 12^, wherein the one or more heat sources comprise 
electrical heaters. 

133. The method of claim ^29, wherein the one or more heat sources comprise surface 
burners. 



1 34. The method of claim 
flameless distributed combi stors 



129, wherein the one or more heat sources comprise 
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135. The method of claim 129, wherein the one or more heat sjmrces comprise natural 
distributed combustors. 

136. The method of claim 129, further comprising contplling a pressure and a 
temperature within at least a majority of the selected seotion of the formation, wherein 
the pressure is controlled as a function of temperatur^/ or the temperature is controlled as 
a function of pressure. 

137. The method of claim 129, further comprising controlling the heat such that an 
average heating rate of the selected section is/ess than about 1 °C per day during 
pyrolysis. 

138. The method of claim 129, wherdfn providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {VJof the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at ^east some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by pe equation: 

wherein Pwr is the Weating energy/day, /z is an average heating rate of the 
formation, ps is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. 

139. The method of claim 129, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



140. The method of cleiim 
sources comprises heating 
a portion of the select(;d 



129, wherein providing heat from the one or more heat 
the selected section such that a thermal conductivity of at least 
section is greater than about 0.5 W/(m °C). 
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141. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about/1 5 % by weight of the 
condensable hydrocarbons are olefins. / 

142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.yOl to about 0.15. 

143. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons isr nitrogen. 

144. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less thaiyabout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

145. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

146. The method of clainy 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

147. The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherep greater than about 20 % by weight of the condensable 
hydrocarbons are aromati: compounds. 
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148. The method of claim 129, wherein the produced mixturycomprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of ^e condensable 
hydrocarbons comprises multi-ring aromatics with more thaA two nngs. 

149. The method of claim 129, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by height of the condensable 
hydrocarbons are asphaltenes. 

150. The method of claim 129, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weignt to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanesy 

151. The method of claim 1 29, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than aroout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

152. The method of claim 12% wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05^% by weight of the produced mixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is usea to produce fertilizer. 



154. The method of claim 129, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greyer than about 0.5 bar. 

155. The method of claim 154, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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1 56. The method of claim 129, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the/ormation having carbon 
numbers greater than about 25. 

157. The method of claim 129, further comprising: 
providing hydrogen (H2) to the heated secpon to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with hekt from hydrogenation. 

158. The method of claim 129, wherein ^e produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fifrther comprising hydrogenating a portion of the 
produced condensable hydrocarbons w^ at least a portion of the produced hydrogen. 

159. The method of claim 129, wherein allowing the heat to transfer comprises 
increasing a permeability of a majqrity of the selected section to greater than about 100 
millidarcy. 

160. The method of claim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

161. The method of claim /l 29, further comprising controlling the heat to yield greater 
than about 60 % by weight pf condensable hydrocarbons, as measured by the Fischer 
Assay. 



162. The method of claim 129, wherein producing the mixture comprises producing 



the mixture in a producti< 



well, and wherein at least about 7 heat sources are disposed in 



the formation for each pnduction well. 

163. The method of claim 129, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and 
sources comprises a triangular pattern. / 



lerein the unit of heat 



164. The method of claim 129, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, whereinymree or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a murality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

165. The method of claim 129, further compris)ng separating the produced mixture 
into a gas stream and a liquid stream. 

166. The method of claim 129, further comprising separating the produced mixture 
into a gas stream and a liquid stream and separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 

167. The method of claim 129, whereiii the produced mixture comprises H2S, the 
method further comprising separating ^portion of the H2S from non-condensable 
hydrocarbons. 

168. The method of claim 129, wblerein the produced mixture comprises CO2, the 
method further comprising separati^lig a portion of the CO2 from non-condensable 
hydrocarbons. 



169. The method of claim 129,/wherein the mixture is produced from a production 
well, wherein the heating is controlled such that the mixture can be produced from the 
formation as a vapor. 

1 70. The method of claim 12^, wherein the mixture is produced from a production 
well, the method further compri* ing heating a wellbore of the production well to inhibit 
condensation of the mixture witmn the wellbore. 
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171 . The method of claim 129, wherein the mixture is produo6d from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore, and further coiriprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture comprise a 
large non-condensable hydrocarbon gas component anci H2. 

172. The method of claim 129, wherein the minimum pyrolysis temperature is about 
270 °C. 

173. The method of claim 129, further comprising maintaining the pressure within the 
formation above about 2.0 bar absolute to ij^xibit production of fluids having carbon 
numbers above 25. 

174. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an amount of condensable fluids 
within the produced mixture, wherein the pressure is reduced to increase production of 
condensable fluids, and wherein /he pressure is increased to increase production of non- 
condensable fluids. 

1 75. The method of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids within the produced/mixture, wherein the pressure is reduced to decrease the API 
gravity, and wherein the pressure is increased to reduce the API gravity. 



176. A method of trea 

providing heat 
formation; 



ing a hydrocarbon containing formation in situ, comprising: 
frbm one or more heat sources to at least a portion of the 



\ 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is at least about IIS) bar absolute; and 

producing a mixture from the formation. / 

177. The method of claim 176, wherein controllingyflie pressure comprises controlling 
the pressure with a valve coupled to at least one of me one or more heat sources. 

178. The method of claim 176, wherein controlling the pressure comprises controlling 
the pressure with a valve coupled to a productipn well located in the formation. 

179. The method of claim 176, wherein me one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons wfthin the selected section of the formation. 

180. The method of claim 176, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

181 . The method of claim 176, wherein the one or more heat sources comprise 
electrical heaters. / 

182. The method of claim 176, wherein the one or more heat sources comprise surface 
bumers. / 

183. The method of claim 176, wherein the one or more heat sources comprise 
flameless distributed combustors. 

184. The method of/claim 176, wherein the one or more heat sources comprise natural 
distributed combustors. 
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185. The method of claim 176, further comprising controjiing a temperature within at 
least a majority of the selected section of the formation, Wnerein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

1 86. The method of claim 176, further comprising controlling the heat such that an 
average heating rate of the selected section is Pess than about 1 °C per day during 
pyrolysis. / 

1 87. The method of claim 176, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F)/of the hydrocarbon containing formation from the 
one or more heat sources, wherein me formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr^ 
wherein Pwr is calculated by tne equation: 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, ps is formation pulk density, and wherein the heating rate is less than about 10 
°C/day. / 

188. The method of claim 176, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 89. The method of < :laim 1 76, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

\ 
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190. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

191 . The method of claim 176, wherein the produced mixt^e comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about /s % by weight of the 
condensable hydrocarbons are olefins, / 

192. The method of claim 1 76, wherein the prodiiffed mixture comprises non- 
condensable hydrocarbons, and wherein a molar r£ttio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about O.GfOl to about 0.15. 

193. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons i/ nitrogen. 

194. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarpons is oxygen. 

195. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

.196. The method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

r 

1 97. The method of clai \n 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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198. The method of claim 176, wherein the produced mixtm€ comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with moreytnan two rings. 

199. The method of claim 176, wherein the prodi«;ed mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 ^yfcy weight of the condensable 
hydrocarbons are asphaltenes. 

200. The method of claim 176, wherein/ihe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalfcanes. 

201 . The method of claim 1 76, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the jiydrogen is less than about 80 % by volume of the non- 
condensable component. 

202. The method of claim 176, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

203. The method oi claim 176, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



204. The method/of claim 176, further comprising controlling formation conditions to 
produce a mixture ©f condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

205. The methodlof claim 204, wherein the partial pressure of H2 is measured when the 
mixture is at a prodimion well. 
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206. The method of claim 176, further comprising aUering aypressure within the 
formation to inhibit production of hydrocarbons from the fo^ation having carbon 
numbers greater than about 25. 

207. The method of claim 176, wherein controlling/Tormation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

208. The method of claim 1 76, ftirther comnnsing: 
providing hydrogen (H2) to the heate^ section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section Wth heat from hydrogenation. 

209. The method of claim 1 76, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the memod further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

210. The method of claim 176, wherein allowing the heat to transfer comprises 
increasing a permeability of ^majority of the selected section to greater than about 100 
millidarcy. 

211. The method of cldm 176, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

212. The method of/claim 176, fiirther comprising controlling the heat to yield greater 
than about 60 % by w/eight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



213. The method 
comprises producin 
sources are disposec 



of claim 176, wherein producing the mixture from the formation 
the mixture in a production well, and wherein at least about 7 heat 
in the formation for each production well. 
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214. A method of treating a hydrocarbon containing fonp^tion in situ, comprising: 
providing heat from one or more heat sources to ^ least a portion of the 

formation; 

allowing the heat to transfer from the one or yfiore heat sources to a selected 
section of the formation; and 

controlling a pressure within at least a majority of the selected section of the 
formation, wherein the controlled pressure is a( least about 2.0 bar absolute; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of t^ selected section of the formation is less than 
about 375 ^'C; and 

producing a mixture from the fiSrmation. 

215. The method of claim 214, Wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydroca/bons within the selected section of the formation. 

216. The method of claim 214, wherein controlling formation conditions comprises 
maintaining a temperature yithin the selected section within a pyrolysis temperature 
range. 

217. The method of cfaim 214, wherein the one or more heat sources comprise 
electrical heaters. 

218. The method o^ claim 2 1 4, wherein the one or more heat sources comprise surface 
burners. 



2 1 9. The method of claim 2 1 4, wherein the one or more heat sources comprise 
flameless distributed combustors. 



V 
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220. The method of claim 214, wherein the one or more heat sources comprise natural 
distributed combustors. 

221 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, fi the temperature is controlled as 
a function of pressure. 

222. The method of claim 214, further comprisfng controlling the heat such that an 
average heating rate of the selected section is l^ss than about 1 °C per day during 
pyrolysis. 

223. The method of claim 214, whereir/providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein tl)e formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at le/st some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/rfay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by t^e equation: 

wherein is the hefating energy/day, /z is an average heating rate of the 
formation, is formation l^lk density, and wherein the heating rate is less than about 10 
^C/day, 

224. The method of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



225. The method of c 
sources cpmprises heatiijig 
a portion of the selected 



aim 214, wherein providing heat from the one or more heat 

the selected section such that a thermal conductivity of at least 
section is greater than about 0.5 W/(m °C). 
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226. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

227. The method of claim 214, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to pout 15 % by weight of the 
condensable hydrocarbons are olefins. / 

228. The method of claim 214, wherein the pryduced mixture comprises non- 
condensable hydrocarbons, and wherein about u.l % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

229. The method of claim 214, wherein me produced mixture comprises non- 
condensable hydrocarbons, and wherein a/molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

230. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

23 1 . The method of claim 214/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessyihan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

232. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hjjdrocarbons is sulfur. 

233. The method of clairi 
hydrocarbons, wherein aboj 



1 214, wherein the produced mixture comprises condensable 
It 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / ^ 

234. The method of claim 214, wherein the produced mijfture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by Wight of the condensable 
hydrocarbons are aromatic compounds. / 

235. The method of claim 214, wherein the prodidced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics wjlUi more than two rings. 

236. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

237. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 vJhy weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

238. The method of claim 214, Avherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater/than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

239. The method of claim/214, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

240. The method of clairi 214, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is use d to produce fertilizer. 




308 



Conley, Rose & Tayon, P.C. 



241 . The method of claim 214, wherein controlling the heat furthei/tomprises 
controlling the heat such that coke production is inhibited. / 

242. The method of claim 214, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

243. The method of claim 242, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

244. The method of claim 214, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbonsyrirom the formation having carbon 
numbers greater than about 25 . / 

245. The method of claim 214, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

246. The method of claim 214, furthej/ comprising: 

providing hydrogen (H2) to the neated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

247. The method of claim 214, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the mdthod further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

248. The method of claim 214|, wherein allowing the heat to transfer comprises 
increasing a permeability of a m ijority of the selected section to greater than about 100 
millidarcy. 
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249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority/of the selected section. 

250. The method of claim 214, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons,yas measured by the Fischer 
Assay. 

25 1 . The method of claim 214, wherein producingythe mixture comprises producing 
the mixture in a production well, and wherein at le^t about 7 heat sources are disposed in 
the formation for each production well. 

252. The method of claim 214, further compyfsing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit/)f heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. 



253. The method of claim 214, fiirtherycomprising providing heat from three or more 
heat sources to at least a portion of the mrmatioft, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patterm and wherein a plurality of the units are repeated 
over an area of the formation to formf a repetitive pattem of imits. 

254. A method of treating a hydcbcarbon containing formation in situ, comprising: 
providing heat from one o^more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

producing a mixture fro/n the formation, wherein at least a portion of the mixture 
is produced during the pyrolys 
phase; and 



maintaining a pressure 
about 2.0 bar absolute. 



's and the mixture moves through the formation in a vapor 
within at least a majority of the selected section above 



V 
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255. The method of claim 254, wherein the one or more heat^urces comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

256. The method of claim 254, wherein controlling formation conditions comprises 
maintaining a temperature within the selected sectjon within a pyrolysis temperature 
range. 

257. The method of claim 254, wherein th/ one or more heat sources comprise 
electrical heaters. 

258. The method of claim 254, wher^n the one or more heat sources comprise surface 
burners. 

259. The method of claim 254, w)4erein the one or more heat sources comprise 
flameless distributed combustors. 

260. The method of claim 25% wherein the one or more heat sources comprise natural 
distributed combustors. 

261 . The method of claim 254, further comprising controlling the pressure and a 
temperature within at least amajority of the selected section of the formation, wherein 
the pressure is controlled a^a function of temperature, or the temperature is controlled as 
a function of pressure. 



262. The method of cl 
average heating rate of t 
pyrolysis. 



254, further comprising controlling the heat such that an 
e selected section is less than about 1 °C per day during 
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263. The method of claim 254, wherein providing heat from the ope or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons v^thin the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
/>>vr = A*F*Cv*p5 

wherein Pwr is the heating energy/day, h is/an average heating rate of the 
formation, Pb is formation bulk density, and whepein the heating rate is less than about 10 
°C/day. 

264. The method of claim 254, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

265. The method of claim 254, wherdn providing heat from the one or more heat 
sources comprises heating the selected/section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m ^'C). 

266. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

267. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are/olefms. 



268. The method of claim 254, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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269. The method of claim 254, wherein the producecy mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

270. The method of claim 254, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

271 . The method of claim 254, wherein thfe produced mixture comprises condensable 
hydrocarbons, and wherein less than about i % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

272. The method of claim 254, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

273 . The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen comtaining compounds, and wherein the oxygen 
containing compounds comprise plnenols. 

274. The method of claim 254/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein grealfer than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

275. The method of claim 2f 4, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lesi; than about 5 % by weight of the condensable 
hydrocarbons comprises multi- ring aromatics with more than two rings. 
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276. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by wefight of the condensable 
hydrocarbons are asphaltenes. / 

277. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weighyto about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

278. The method of claim 254, wherein tWe produced mixture comprises a non- 
condensable component, wherein the non-cfondensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen \i less than about 80 % by volume of the non- 
condensable component. / 

279. The method of claim 254, whferein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

280. The method of claim 254, tvherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

28 1 . The method of claim 254, wherein the pressure is measured at a wellhead of a 
production well. / 

282. The method of claim 254, wherein the pressure is measured at a location within a 
wellbore of the production well. 

283 . The method of claim [254, wherein the pressure is maintained below about 1 00 bar 
absolute. 
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(nation conditions to 
>artial pressure of H2 

285. The method of claim 284, wherein the partial pressureyfef H2 is measured when the 
mixture is at a production well. / 

286. The method of claim 254, further comprising alte/ing a pressure within the 
formation to inhibit production of hydrocarbons from tl/e formation having carbon 
numbers greater than about 25. / 

287. The method of claim 254, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixmre into the formation. 

288. The method of claim 254, further comnrising: 

providing hydrogen (H2) to the heafecy section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section witn heat from hydrogenation. 

289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method mrther comprising hydrogenating a portion of the 
produced condensable hydrocarbons vfth at least a portion of the produced hydrogen. 

290. The method of claim 254, wl 
increasing a permeability of a majoi] 
millidarcy. 

29 1 . The method of claim 254, 
substantially uniformly increasing 



284. The method of claim 254, further comprising controlling for 
produce a mixture of condensable hydrocarbons and H2, wherein j 
within the mixture is greater than about 0.5 bar. 



srein allowing the heat to transfer comprises 
ity of the selected section to greater than about 100 



therein allowing the heat to transfer comprises 
a permeability of a majority of the selected section. 
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292. The method of claim 254, further comprising controlling theiieat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

293. The method of claim 254, wherein producing the mixtyre comprises producing 
the mixture in a production well, and wherein at least about yheat sources are disposed in 
the formation for each production well. / 

294. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

295. The method of claim 254, further comprising providing heat from three or more 
heat sources to at least a portion of the formationy wherein three or more of the heat 
sources are located in the formation in a unit of neat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

296. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from ihe one or more heat sources to a selected 
section of the formation; / 

maintaining a pressure within ay least a majority of the selected section of the 
formation above 2.0 bar absolute; and / 

producing a mixture from the formation, wherein the produced mixture comprises 
condensable hydrocarbons having an API gravity higher than an API gravity of 
condensable hydrocarbons in a mixmre producible from the formation at the same 
temperature and at atmospheric pressure. 
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297. The method of claim 296, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section Whin a pyrolysis temperature 
range, / 

299. The method of claim 296, wherein the one yor more heat sources comprise 
electrical heaters. / 

300. The method of claim 296, wherein the 6ne or more heat sources comprise surface 
burners. / 

301 . The method of claim 296, wherein Ahe one or more heat sources comprise 
flameless distributed combustors. / 

302. The method of clahn 296, whe/ein the one or more heat sources comprise natural 
distributed combustors. / 

303. The method of claim 296, fiirther comprising controlling the pressvire and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fiinption of temperature, or the temperature is controlled as 
a function of pressure. / 

304. The method of claim 296, further comprising controlling the heat such that an 
average heating rate of the seljfected section is less than about 1 °C per day during 
pyrolysis. 

305 . The method of claim 
sources to at least the portiojf 
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196, wherein providing heat from the one or more heat 
of formation comprises: 



heating a selected volume (F) of the hydrocarbon contaimng formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons v^hin the selected volume of 
the formation; and 

wherein heating energy/day provided to the voluijfe is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, his^ average heating rate of the 
formation, Pb is formation bulk density, and wher9{n the heating rate is less than about 10 
°C/day. 

306. The method of claim 296, wherein all^wdng the heat to transfer comprises 
transferring heat substantially by conductior 

307. The method of claim 296, whereiiyproviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

308. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity i)f at least about 25°. 

309. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about jf). 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 



3 1 0. The method of claim 296, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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311. The method of claim 296, wherein the produced mixture com/rises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about O.IS. 

312. The method of claim 296, wherein the produced mixmre comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

313. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by ^eight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen/ 

314. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is smfur. 

315. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by we/ght to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen contairung compounds, and wherein the oxygen 
containing compounds comprise phenyls. 

316. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



317. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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318. The method of claim 296, wherein the produced mixture/comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight o^the condensable 
hydrocarbons are asphaltenes. 

319. The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to abcpxt 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

320. The method of claim 296, wherein the proc^uced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less pan about 80 % by volume of the non- 
condensable component. 

321 . The method of claim 296, wherein ihe produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

322. The method of claim 296, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

323. The method of claim 296, fumher comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

324. The method of claim 296,/wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



325. The method of claim 29 
formation to inhibit production 
numbers greater than about 25 



further comprising altering a pressure within the 
of hydrocarbons from the formation having carbon 
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326. The method of claim 296, wherein controlling formation coriliitions comprises 
recirculating a portion of hydrogen from the mixture into the fomjation. 

327. The method of claim 296, further comprising: 
providing hydrogen (H2) to the heated section to hyd]56genate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydf ogenation. 

328. The method of claim 296, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprismg hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

329. The method of claim 296, wherein allowii^ the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

330. The method of claim 296, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

33 1 . The method of claim 296, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensabl^ hydrocarbons, as measured by the Fischer 
Assay. 

332. The method of claim 296, wheroin producing the mixture comprises producing 
the mixture in a production well, and v^erein at least about 7 heat sources are disposed in 
the formation for each production well 



333. The method of claim 296, fiirtjier comprising providing heat from three or more 
heat sources to at least a portion of tl^ formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the imit of heat 
sources comprises a triangular pattern 
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334. The method of claim 296, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern/of units. 

335. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one/or more heat sources to a selected 
section of the formation; 

maintaining a pressure within at least ^majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a fluid from the formatioi(, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1.75. 

336. The method of claim 335, wheresin the orie or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons/ within the selected section of the formation. 

337. The method of claim 335, vj/herein controlling formation conditions comprises 
maintaining a temperature within fic selected section within a pyrolysis temperature 
range. 

338. The method of claim 33^, wherein the one or more heat sources comprise 
electrical heaters. 



339. The method of claim 3 
burners. 



5, wherein the one or more heat sources comprise surface 
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340. The method of claim 335, wherem the one or more heat sources comprise 
flameless distributed combustors. / 

341 . The method of claim 335, wherein the one or more hep sources comprise natural 
distributed combustors. / 

342. The method of claim 335, further comprising comroUing the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

343. The method of claim 335, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

344. The method of claim 335, wherein providing heat from the one or more heat 
sources to at least the portion of formatiorv comprises: 

heating a selected volume (F) of me hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = hW^Cy.'^pB \ 

wherein Pwr is the heating epergy/day, /z is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
*^C/day. / 

345. The method of claim 335, wherein allowmg the heat to transfer comprises 
transferring heat substantially by conduction. 
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346. The method of claim 335, wherein providing heat ftovot the one or more heat 
sources comprises heating the selected section such that a tiafermal conductivity of at least 
a portion of the selected section is greater than about 0.5>W/(m °C). 

347. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

348. The method of claim 335, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by height to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

349. The method of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

350. The method of claim 335,Avherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges firom about 0.001 to about 0.15. 

351. The method of claim « 3 5 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein /ess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

352. The method of cMm 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

353. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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354. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compj/unds, and wherein the oxygen 
containing compounds comprise phenols. 



355. The method of claim 335, wherein 
hydrocarbons, and wherein greater than a1 
hydrocarbons are aromatic compounds. 



but 



produced mixture comprises condensable 
20 % by weight of the condensable 



356. The method of claim 335, whiSrein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

357. The method of claim 333, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les/ than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes/ 

358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



359. The method of cmim 335, wherein the produced mixture comprises a non- 
condensable component wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherem the hydrogen is less than about 80 % by volume of the non- 
condensable componer t. 



360. The method 
wherein greater than 



of claim 335, wherein the produced mixture comprises ammonia, and 
about 0.05 % by weight of the produced mixture is anmionia. 
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361 . The method of claim 335, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 

362. The method of claim 335, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

363. The method of claim 335, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

364. The method of claim 335, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

365. The method of claim 335, wherein co] 
recirculating a portion of hydrogen from the i 

366. The method of claim 335, fiirther oomprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons yith at least a portion of the produced hydrogen. 

368. The method of claim 335, wl 
increasing a permeability of a major 
millidarcy. 



trolling formation conditions comprises 
lixture into the formation. 



srein allowing the heat to transfer comprises 
of the selected section to greater than about 100 
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369. The method of claim 335, wherein allowing th^heat to transfer comprises 
substantially uniformly increasing a permeability of ^majority of the selected section. 

370. The method of claim 335, fiirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

371. The method of claim 335, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

372. The method of claim 335, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in af unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern./ 

373. The method of claim 335, fiirmer comprising providing heat from three or more 
heat sources to at least a portion of tne formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the imits are repeated 
over an area of the formation to form a repetitive pattern of units. 

374. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat fi"om one ©r more heat sources to at least a portion of the 

formation; 

allowing the heat to tran >fer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure v/ithin at least a majority of the selected section of the 
formation to above 2.0 bar absolute; and 

producing a mixture firom the formation, wherein the produced mixture comprises 
a higher amount of non-condensable components as compared to non-condensable 
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components producible from the formation under the same tenuierature conditions and at 
atmospheric pressure. / 

375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selecced section of the formation. 

376. The method of claim 374, wherein controlling formation conditions comprises 
maintaining a temperature within the selected secftion within a pyrolysis temperature 
range. / 

377. The method of claim 374, wherein the one or more heat sources comprise 
electrical heaters. / 

378. The method of claim 374, wherein the one or more heat sources comprise surface 
burners. / 

379. The method of claim 374, wh)6rein the one or more heat sources comprise 
flameless distributed combustors. / 

380. The method of claim 374,/wherein the one or more heat sources comprise natural 
distributed combustors. / 

381 . The method of claim 3/74, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as p. function of temperature, or the temperature is controlled as 
a function of pressure. 

382. The method of clai 
average heating rate of th^ 
pyrolysis. 



374, further comprising controlling the heat such that an 
selected section is less than about 1 per day during 
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383. The method of claim 374, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V)of the hydrocarbon Containing formation from the 
one or more heat sources, wherein the formation has an/average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = hWC^'^pB / 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, is formation bulk density, and wnerein the heating rate is less than about 10 
T/day. / 

384. The method of claim 374, wherein allov^ng the heat to transfer comprises 
transferring heat substantially by conduction. 

385. The method of claim 374, whereifn providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greyer than about 0.5 W/(m **C). 

386. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

387. The method of claim 374, wmerein the produced mixture comprises condensable 
hydrocarbons, and wherein about O.ll % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

388. The method of claim 374, M^herein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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389. The method of claim 374, wherein the producedymixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio 6f ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroyfeen. 

391. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abouy 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is^oxygen. 

392. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

393. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 %/by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen oontaining compounds, and wherein the oxygen 
containing compounds comprise phenols. 

394. The method of claim 3m, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



395. The method of claim/ 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mi ilti-ring aromatics with more than two rings. 
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396. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of Jhe condensable 
hydrocarbons are asphaltenes. 

397. The method of claim 374, wherein the produced nuxture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to aboujf 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

398. The method of claim 374, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensaole component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than/about 80 % by volume of the non- 
condensable component. 

399. The method of claim 374, wherein the ijfroduced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

400. The method of claim 374, wherein tMe produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 6.5 bar. 

402. The method of claim 374, wheijbin the partial pressure of H2 is measured when the 
mixture is at a production well. 



403 . The method of claim 374, 
formation to inhibit production o 
numbers greater than about 25 



further comprising altering the pressure within the 
f hydrocarbons from the formation having carbon 
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404. The method of claim 374, further comprising: 
providing hydrogen (H2) to the heated section to hydro^enate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydj?bgenation. 

405. The method of claim 374, wherein the producer mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

406. The method of claim 374, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the sejrected section to greater than about 100 
millidarcy. 

407. The method of claim 374, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permejibility of a majority of the selected section. 

408. The method of claim 374, furthec^comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

409. The method of claim 374, wnerein producing the mixture comprises producing 
the mixture in a production well, ana wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



410. The method of claim 374,/further comprising providing heat from three or more 
heat sources to at least a portion if the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular p ittem. 



411. The method of claim 3 7^ 
heat sources to at least a portion 



, further comprising providing heat from three or more 
f the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat Sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein/a plurality of the imits are repeated 
over an area of the formation to form a repetitive pattem of units. 

412. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superirr/posed heat from the one or more heat sources 
pyrolyzes at least about 20 % by weight M hydrocarbons within the selected section of 
the formation; and / 

producing a mixture from the formation. 

413. The method of claim 412, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

414. The method of claim 4 1 2, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

415. The method of claim M 2, wherein the one or more heat sources comprise 
electrical heaters. / 

416. The method of clairm 412, wherein the one or more heat sources comprise surface 
burners. 

417. The method of claim 412, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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418. The method of claim 412, wherein the one or jnore heat sources comprise natural 
distributed combustors. 

419. The method of claim 412, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

420. The method of claim 412, further comprising controlling the heat such that an 
average heating rate of the selected section jfs less than about 1 °C per day during 
pyrolysis. 



421. The method of claim 412, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of me hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least spme hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day pr6vided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating eilergy/day, /z is an average heating rate of the 
formation, ps is formation bulk densjty, and wherein the heating rate is less than about 10 
°C/day. 

422. The method of claim 412, v^erein allowing the heat to transfer comprises 
transferring heat substantially by cqnduction. 



423. The method of claim 412, 
sources comprises heating the 
least a portion of the selected sectidn 



selected 



V ^herein providing heat from the one or more heat 
formation such that a thermal conductivity of at 
is greater than about 0.5 W/(m °C). 
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424. The method of claim 412, wherein the producfed mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

426. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons arf olefins. 

427. The method of claim 412, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00 1 to about 0.15. 

428. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

429. The method of claim 4lE, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



430. The method of claim 
hydrocarbons, and wherein le 
basis, of the condensable 



12, wherein the produced mixture comprises condensable 
;s than about 1 % by weight, when calculated on an atomic 
hydi ocarbons is sulfur. 



43 1 . The method of claim ^ 
hydrocarbons, wherein about 



12, wherein the produced mixture comprises condensable 
) % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

432. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds, / 

433. The method of claim 412, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatfcs with more than two rings. 

434. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

435. The method of claim 412, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5p> by weight to about 30 % by weight of the 
condensable hydrocarbons are cycioalkanes. 

436. The method of claim 412/ wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater/than about 10 % by volume of the non-condensable 
component, and wherein the hjprogen is less than about 80 % by volume of the non- 
condensable component. 

437. The method of claim ^ 
wherein greater than about 0.| 

438. The method of claim 
wherein the ammonia is usee 



[12, wherein the produced mixture comprises ammonia, and 
)5 % by weight of the produced mixture is ammonia. 



1-12, wherein the produced mixture comprises ammonia, and 
i to produce fertilizer. 
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439. The method of claim 412, further comprising cc^troUing a pressure within at least 
a majority of the selected section of the formation, wh|erein the controlled pressure is at 
least about 2.0 bar absolute. / 

440. The method of claim 412, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

441. The method of claim 412, wherein the/partial pressure of H2 is measured when the 
mixture is at a production well. / 

442. The method of claim 412, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

443. The method of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

444. The method of claim 412, flmher comprising: 

providing hydrogen (H2) to ifhe heated section to hydrogenate hydrocarbons 
wdthin the section; and / 

heating a portion of the sedtion with heat from hydrogenation. 

445. The method of claim 41 2 J wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



446, The method of claim 41 
increasing a permeability of a njiajority 
millidarcy. 



, wherein allowing the heat to transfer comprises 

of the selected section to greater than about 100 
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447. The method of claim 412, wherein allowing the heat to transfer comprises 

substantially uniformly increasing a permeability of a majority of the selected section. 
* / 

448. The method of claim 412, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrc^arbons, as measured by the Fischer 
Assay. 

449. The method of claim 412, wherein pr^iducing the mixture comprises producing 
the mixture in a production well, and where/n at least about 7 heat sources are disposed in 
the formation for each production well. 

450. The method of claim 412, further/comprising providing heat from three or more 
heat sources to at least a portion of the rormation, wherein three or more of the heat 
sources are located in the formation in ^ unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patter 



45 1 . The method of claim 412, fuhher comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular partem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

452. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from on^ or more heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from the one or more heat sources to a selected 

that superimposed heat from the one or more heat sources 
of hydrocarbons within the selected section of the 



section of the formation such 
pyrolyzes at least about 20 % 



formation; and 

producing a mixture fijpm the formation, wherein the mixture comprises a 
condensable component having an API gravity of at least about 25°. 
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453. The method of claim 452, wherein the one or mrfre heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyroiyzes at least some hydrocarbons within the selected section of the formation. 

454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected se/tion within a pyrolysis temperature 
range. 

455. The method of claim 452, wherein th/^ one or more heat sources comprise 
electrical heaters. 

456. The method of claim 452, wherei^ the one or more heat sources comprise surface 
bumers. 

457. The method of claim 452, wheyein the one or more heat sources comprise 
flameless distributed combustors. 

458. The method of claim 452, w/ierein the one or more heat sources comprise natural 
distributed combustors. 

459. The method of claim 452,/further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fupction of temperature, or the temperature is controlled as 
a function of pressure. 



460. The method of claim 432, further comprising controlling the heat such that an 
average heating rate of the sek cted section is less than about 1 °C per day during 
pyrolysis. 



46 1 . The method of claim 
sources to at least the portion 



^52 



, wherein providing heat from the one or more heat 
3f formation comprises: 
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heating a selected volume (P) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation 14as an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided fo the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/yflay, is an average heating rate of the 
formation, pB is formation bulk density, apd wherein the heating rate is less than about 10 
°C/day. 

462. The method of claim 452, wheyein allowing the heat to transfer comprises 
transferring heat substantially by conauction. 

463. The method of claim 452, wtterein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

464. The method of claim 452 J wherein the produced mixture comprises condensable 
hydrocarbons, and wherein aboia 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

465. The method of claim 432, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



466. The method of claim 452, wherein the produced mixture comprises non- 
condensable hydrocarbons, a] id wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons raiges from about 0.001 to about 0.15. 
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467. The method of claim 452, wherein the produced rmxture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigJlt, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

468. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

469. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

470. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % byAveight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

471. The method of claim 452/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic cornpounds. 

472. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mmti-ring aromatics with more than two rings. 

473. The method of clair 1 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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474. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

475. The method of claim 452, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less man about 80 % by volume of the non- 
condensable component. / 

476. The method of claim 452, wherein me produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

All, The method of claim 452, wherein the produced mixture comprises ammonia, and 
wherein the anmionia is used to produce fertilizer. 

478. The method of claim 452, furtfter comprising controlling a pressure within at least 
a majority of the selected section of tjrie formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

479. The method of claim 452, 
produce a mixture of condensable 
within the mixture is greater than ; 

480. The method of claim 452/ wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

48 1 . The method of claim 45 
formation to inhibit production 
numbers greater than about 25. 



ther comprising controlling formation conditions to 
iydrocarbons and H2, wherein a partial pressure of H2 
kbout 0.5 bar. 



j, further comprising altering a pressure within the 
If hydrocarbons from the formation having carbon 
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f( 

recirculating a portion of hydrogen from the mixture into the formation. 



483. The method of claim 452, further comprising: 
providing hydrogen (H2) to the heated sec/ion to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with he^t from hydrogenation. 

484. The method of claim 452, wherein tne produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fiirmer comprising hydrogenating a portion of the 
produced condensable hydrocarbons witlyat least a portion of the produced hydrogen. 

485. The method of claim 452, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

486. The method of clahn 452, wtierein allowing the heat to transfer comprises 
substantially uniformly increasing a pernieability of a majority of the selected section. 

487. The method of claim 452,/further comprising controlling the heat to yield greater 
than about 60 % by weight of cofidensable hydrocarbons, as measured by the Fischer 
Assay. 

488. The method of claim 452, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



489. The method of claim 452, ftirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a trianguk r pattern. 
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490. The method of claim 452, further comprismg providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a imit oMieat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wMerein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

491 . A method of treating a layer of a Hydrocarbon containing formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least a portion of the layer, 
wherein the one or more heat sources/are positioned proximate an edge of the layer; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the layer such that superimposed heat from the one or more heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation; and 

producing a mixture from/the formation. 

492. The method of claim 49il , wherein the one or more heat sources are laterally 
spaced from a center of the layer. 

493. The method of claim 491 , wherein the one or more heat sources are positioned in 
a staggered line. / 

494. The method of claini 491 , wherein the one or more heat sources positioned 
proximate the edge of the liyer can increase an amount of hydrocarbons produced per 
unit of energy input to the )ne or more heat sources. 

495. The method of claim 491, wherein the one or more heat sources positioned 
proximate the edge of the Ikyer can increase the volume of formation undergoing 
pyrolysis per unit of energM input to the one or more heat sources. 
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496. The method of claim 491 , wherein the one (fx more heat sources comprise 
electrical heaters. 

497. The method of claim 491, wherein theyone or more heat sources comprise surface 
burners. 

498. The method of claim 491, wherei^fthe one or more heat sources comprise 
flameless distributed combustors. 

499. The method of claim 491 , wherein the one or more heat sources comprise natural 
distributed combustors. 

500. The method of claim 491 yfurther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a ^ction of temperature, or the temperature is controlled as 
a function of pressure. 

501 . The method of claimf 491 , further comprising controlling the heat such that an 
average heating rate of the ^selected section is less than about 1 .0 ° C per day during 
pyrolysis. 



502. The method of claim 491 , wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

heating a selecteti volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein is calculated by the equation: 



V 
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wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, pb is formation bulk density, and wherein me heating rate is less than about 10 
°C/day. / 

503. The method of claim 491 , wherein providmg heat from the one or more heat 
sources comprises heating the selected section snch that a thermal conductivity of at least 
a portion of the selected section is greater thanAbout 0.5 W/(m °C). 

504. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

505. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 Vofby weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

506. The method of claim 49 1 , wherein the produced mixture comprises non- 
condensable hydrocarbons, and whdrein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges firom about 0.001 to about 0.15. 

507. The method of claim 491 , /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about I % by weight, when calculated on an atomic 
basis, of the condensable hydrooarbons is nitrogen. 

508. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

509. The method of claim 491 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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5 1 0. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compo^ds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 49 1 , wherein themroduced mixture comprises condensable 
hydrocai-bons, and wherein greater than aboi|i 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

512. The method of claim 491, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein less than abom 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

513. The method of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than jibout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

5 1 4. The method of claim 49 1 , ^herein the produced mixture comprises condensable 
hydrocarbons, and wherein about 6 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



515. The method of claim 49 L wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



516. The method of claim 
wherein greater than about 0. 



^91 



, wherein the produced mixture comprises ammonia, and 
)5 % by weight of the produced mixture is ammonia. 
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517. The method of claim 49 1 , wherein the proc 
wherein the ammonia is used to produce fertilize/ 



Lced mixture comprises ammonia, and 



518. The method of claim 491 , further conmrising controlling a pressure within at least 
a majority of the selected section of the forri/ation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

5 1 9. The method of claim 49 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydcocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

520. The method of claim 519, ^herein the partial pressure of H2 is measured when the 
mixture is at a production well. 

521 . The method of claim 49/, further comprising altering a pressure within the 
formation to inhibit productiory of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

522. The method of clainy 491 , further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

523 . The method of cMm 49 1 , further comprising: 
providing hydrogjbn (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portiori of the section with heat from hydrogenation. 



524. The method of 
condensable 
produced condensable 



laim 491, wherein the produced mixture comprises hydrogen and 
hydrocarbbns, the method further comprising hydrogenating a portion of the 
lydrocarbons with at least a portion of the produced hydrogen. 
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525. The method of claun 491 , wherein allowing the heat/ to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
miUidarcy. / 

526. The method of claim 491 , wherein allowing me heat to transfer comprises 
substantially uniformly increasing a permeabiUty or a majority of the selected section. 

527. The method of claim 491, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

528. The method of claim 491, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

529. The method of claim 491 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation iiya unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

530. The method of claim 491, further comprising providing heat from three or more 
heat sources to at least a portion of ithe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

531. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one lor more heat sources to at least a portion of the 

formation; I 

allowing the heat to traiisfer from the one or more heat sources to a selected 
section of the formation; and 
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controlling a pressure and a temperature withiryat least a majority of the selected 
section of the formation, wherein the pressure is controlled as a function of temperature, 
or the temperature is controlled as a function of pre/sure; and 

producing a mixture from the formation. / 

532. The method of claim 531, wherein theme or more heat sources comprise at least 
two heat sources, and wherein superposition/of heat from at least the two heat sources 
p)n'olyzes at least some hydrocarbons within the selected section of the formation. 

533. The method of claim 53 1 , wherein controlling formation conditions comprises 
maintaining a temperature within the se/lected section within a pyrolysis temperature 
range. / 

534. The method of claim 53 1 , wnerein the one or more heat sources comprise 
electrical heaters. / 

535. The method of claim 53 1/ wherein the one or more heat sources comprise surface 
burners. / 

536. The method of claim 5b 1 , wherein the one or more heat sources comprise 
flameless distributed combustors. 

537. The method of claim p3 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 

538. The method of clainj 53 1 , fiirther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

539. The method of claim 
sources to at least the portioi 
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[531, wherein providing heat from the one or more heat 
L of formation comprises: 



heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarboi/s within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h^V^C^'^pB / 

wherein Pwr is the heating energy/day, wis an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
^C/day. / 

540. The method of claim 53 1 , wherein aUowing the heat to transfer comprises 
transferring heat substantially by conduction. 

54 1 . The method of claim 53 1 , wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

542. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity m at least about 25°. 

543. The method of claim 53 1, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein about oK % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefms. 

544. The method of claim 531, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0. 1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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545. The method of claim 53 1 , wherein the produced rr^xture comprises non- 
condensable hydrocarbons, and wherein a molar ratio ofyCthene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

546. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

547. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

548. The method of claim 531, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abmit 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 

549. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/ weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phfenols. 

550. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

55 1 . The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less t lan about 5 % by weight of the condensable 
hydrocarbons comprises multi-ri] ig aromatics with more than two rings. 
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552. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weimt of the condensable 
hydrocarbons are asphaltenes. / 

553. The method of claim 53 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight tc( about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

554. The method of claim 53 1 , wherein th^ produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is'^less than about 80 % by volume of the non- 
condensable component. / 

555. The method of claim 53 1 , wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 %yDy weight of the produced mixture is ammonia. 

556. The method of claim 53 ]/, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

557. The method of claim p3 1 , wherein the controlled pressure is at least about 2.0 bar 
absolute. / 

558. The method of claim 53 1 , further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

559. The method of claim 53 1 , wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 
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560. The method of claim 53 1 , further comprising alterin/a pressure within the 
formation to inhibit production of hydrocarbons from the |ormation having carbon 
numbers greater than about 25. 

561 . The method of claim 53 1 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

562. The method of claim 53 1 , further compr/sing: 
providing hydrogen (H2) to the heated /ection to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with^heat from hydrogenation. 

563. The method of claim 53 1 , wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the methocy further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

564. The method of claim 531, vyherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

565. The method of claim 53k , wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

566. The method of claimp3 1 , further comprising controlling the heat to yield greater 
than about 60 % by weight <ff condensable hydrocarbons, as measured by the Fischer 
Assay. 



567. The method of clai 
the mixture in a productioi 1 
the formation for each 



531, wherein producing the mixture comprises producing 
well, and wherein at least about 7 heat sources are disposed in 
prdduction well. 
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568. The method of claim 531, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sour/es, and wherein the unit of heat 
sources comprises a triangular pattern. 

569. The method of claim 53 1 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of Meat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetuive pattern of units. 

570. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more^eat sources to at least a portion of the 

formation; 

allowing the heat to transfer fr6m the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the selected section; 

producing a mixture fromythe formation; and 

controlling API gravity of the produced mixture to be greater than about 25 
degrees API by controlling average pressure and average temperature in the selected 
section such that the average pressure in the selected section is greater than the pressure 
(p) set forth in the following jequation for an assessed average temperature (7) in the 
selected section: 

[-44000/T + 67] 

p = e 

where p is measured in ps/a and T is measured in " Kelvin. 



571 . The method of claim 570, wherein the API gravity of the produced mixture is 
controlled to be greater jthan about 30 degrees API, and wherein the equation is: 

p = ^N1000/T+5I] 



V 
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572. The method of claim 570, wherein the API gravity off the produced mixture is 
controlled to be greater than about 35 degrees API, and wherein the equation is: 

„ = ^f-22000/T+38J / 
P ^ 'I 

573. The method of claim 570, wherein the one oj/more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the /elected section of the formation. 

574. The method of claim 570, wherein comrolling the average temperature comprises 
maintaining a temperature in the selected se/tion within a pyrolysis temperature range. 

575. The method of claim 570, wherein the one or more heat sources comprise 
electrical heaters. / 

576. The method of claim 570, wnerein the one or more heat sources comprise surface 
burners. / 

577. The method of claim 570/ wherein the one or more heat sources comprise 
flameless distributed combustors. 

578. The method of claim 5f70, wherein the one or more heat sources comprise natural 
distributed combustors. / 

579. The method of clairn 570, further comprising controlling a temperature within at 
least a majority of the seleoted section of the formation, wherein the pressure is 
controlled as a function of ftemperature, or the temperature is controlled as a function of 
pressure. 1 

580. The method of claim 570, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 per day during 
pyrolysis. 1 
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58 1 . The method of claim 570, wherein providing heat from me one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarboi/s within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

wherein Pwr is the heating energy/day, /yis an average heating rate of the 
formation, is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

582. The method of claim 570, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

583. The method of claim 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

584. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about O.y % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefims. 

585. The method of claim 570, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wnerein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 
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/ 

586. The method of claim 570, wherein the produced mixtu/e comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

587. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by Weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/ 

588. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

589. The method of claim 570, whereiiythe produced mixture comprises condensable 
hydrocarbons, and wherein less than abom 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons Is sulfur. 

590. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % b}7 weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen coiuaining compounds, and wherein the oxygen 
containing compounds comprise phenols. 

591 . The method of claim 570/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greyer than about 20 % by weight of the condensable 
hydrocarbons are aromatic confounds. 

592. The method of claim 
hydrocarbons, and wherein l 
hydrocarbons comprises mul 



70, wherein the produced mixture comprises condensable 
ss than about 5 % by weight of the condensable 
|li-ring aromatics with more than two rings. 
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593. The method of claim 570, wherein the produced mixture jcomprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight ofme condensable 
hydrocarbons are asphaltenes. / 



594. The method of claim 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ab9'ut 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

595. The method of claim 570, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condeiisable component comprises hydrogen, 
wherein the hydrogen is greater than about 10/% by volume of the non-condensable 
component, and wherein the hydrogen is lesjr than about 80 % by volume of the non- 
condensable component. 

596. The method of claim 570, where/n the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is anmionia. 

597. The method of claim 570, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

598. The method of claim 570, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and Ha, wherein a partial pressure of H2 
within the mixture is greater man about 0.5 bar. 

599. The method of claim 570, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



600. The method of cUim 570, further comprising altering a pressure within the 
formation to inhibit proquction of hydrocarbons from the formation having carbon 
numbers greater than abbut 25. 
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601 . The method of claim 570, wherein controlling formation conaitions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

602. The method of claim 570, further comprising: 
providing hydrogen (H2) to the heated section to hy^ogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

603. The method of claim 570, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fixrther conprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

604. The method of claim 570, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of thcyselected section to greater than about 100 
millidarcy. 

605. The method of claim 570, whereii/ allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

606. The method of claim 570, wherein the heat is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



607. The method of claim 570, wherein producing the mixture comprises producing 
the mixture in a production well,/and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

608. The method of claim 570, fixrther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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609. The method of claim 570, further comprising providing heat horn three or more 
heat sources to at least a portion of the formation, wherein three omnore of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a pluralitj^of the units are repeated 
over an area of the formation to form a repetitive pattern of linits. 



O 



I y 
o 



610. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat to at least a portion of a hydrocarbon containing formation such 

that a temperature (7) in a substantial part of the heated portion exceeds 270 °C and 
10 hydrocarbons are pyroiyzed within the heated portion of the formation; 

controlling a pressure (p) within at least a ^Substantial part of the heated portion of 

the formation; 

wherein p is the pressure in bar absolute and T is the temperature in degrees K, 
15 and A and B are parameters that are larger tttan 10 and are selected in relation to the 
characteristics and composition of the hydrocarbon containing formation and on the 
required olefin content and carbon number of the pyroiyzed hydrocarbon fluids; and 

producing pyroiyzed hydrocarbon fluids from the heated portion of the formation, 

20 611. The method of claim 610, wherein A is greater than 14000 and B is greater than 
about 25 and a majority of the produced pyroiyzed hydrocarbon fluids have an average 
carbon number lower than 25 and cqmprise less than about 10 % by weight of olefins. 



612. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
25 about 1 .4 bar, A is greater than about 44000, and b is greater than about 67, and a 

majority of the produced pyroiyzed hydrocarbon fluids have an average carbon number 
less than 25 and comprise less than 10 % by weight of olefins. 



30 



613. The method of claim 610, wherein T is less than about 390 °C, p is greater than 
about 2 bar, A is less than about 57000, and b is less than about 83, and a majority of the 
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produced pyrolyzed hydrocarbon fluids have an average carbon number lower than about 
21. / 

* / 

614. The method of claim 610, further comprising controlling the heat such that an 
average heating rate of the heated portion is less than about 3°C per day during 
pyrolysis. / 

615. The method of claim 610, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provped to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, pg is formation bulk density, and wherein the heating rate is less than about 10 
T/day. / 

616. The method of claim 610, wherein heat is transferred substantially by conduction 
from one or more heat sources located in one or more heat sources to the heated portion 
of the formation. / 

617. The method of claim 6lfe, wherein the heat sources comprise heaters in which 
hydrocarbons are either injected into a heaters or released by the hydrocarbon containing 
formation adjacent to a heater py an oxidant injected into the heater in or adjacent to 
which the combustion occurs and wherein at least part of the produced combustion gases 
are vented to surface via the heater in which the combustion occurs. 
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618. The method of claim 617, wherein heat is transferred substantially by conduction 
from one or more heat sources to the heated portion of tl/e formation such that the 
thermal conductivity of at least part of the heated portion is substantially uniformly 
modified to a value greater than about 0.6 W/m °C and the permeability of said part 
increases substantially uniformly to a value greater man 1 Darcy. 

619. The method of claim 610, further compri^mg controlling formation conditions to 
produce a mixture of hydrocarbon fluids and wherein a partial pressure of H2 within 
the mixture flowing through the formation is greater than 0.5 Bar. 

620. The method of claim 619, further comprising, hydrogenating a portion of the 
produced pyrolyzed hydrocarbon fluids with at least a portion of the produced hydrogen 
and heating the fluids with heat from hyc^ogenation , 

621 . The method of claim 610, wheryein the hydrocarbon containing formation is a coal 
seam and at least about 70% of the hy^flrocarbon content of the coal, when such 
hydrocarbon content is measured by p. Fischer assay, is produced from the heated portion 
of the formation. 



622.The method of claim 610, wherein the substantially gaseous pyrolyzed hydrocarbon 
fluids are produced from a production well, the method further comprising heating a 
wellbore of the production well |o inhibit condensation of the hydrocarbon fluids within 
the wellbore. 



lydrocarbon containing formation in situ, comprising: 
or more heat sources to at least a portion of the 



623. A method of treating a 1 
providing heat from on^ 
formation; 

allowing the heat to trailsfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pvrolyze hydrocarbons within the selected section; 

producing a mixture froni the formation; and 
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controlling a weight percentage of olefins of the proauced mixture to be less than 
about 20 % by weight by controlling average pressure aim average temperature in the 
selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for aiy assessed average temperature (7) in 
the selected section: 

p ^ ^[-57000/f^83] 

where p is measured in psia and T is measured/in " Kelvin. 

624. The method of claim 623, wherein me weight percentage of olefins of the 
produced mixture is controlled to be less man about 10 % by weight, and wherein the 
equation is: 

J-16000/T + 28] 

625. The method of claim 623, wlierein the weight percentage of olefins of the 
produced mixture is controlled to ^e less than about 5 % by weight, and wherein the 
equation is: 

p = ^[-12000/7 ^22]^ 

626. The method of claim 623, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydmcarbons within the selected section of the formation. 

627. The method of clai/n 623, wherein the one or more heat sources comprise 
electrical heaters. 



628. The method of c/aim 623, wherein the one or more heat sources comprise surface 
burners. 

629. The method of tlaim 623, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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630. The method of claim 623, wherein the one or more heat purees comprise natural 
distributed combustors. 

63 1 . The method of claim 623, further comprising controlling a temperature within at 
least a majority of the selected section of the formation,yWherein the pressure is 
controlled as a function of temperature, or the temper^re is controlled as a function of 
pressure. 

632. The method of claim 63 1, wherein controlling an average temperature comprises 
maintaining a temperature within the selectedysection within a pyrolysis temperature 
range. 

633. The method of claim 623, furtheWcomprising controlling the heat such that an 
average heating rate of the selected secpon is less than about 3.0 °C per day during 
pyrolysis. 

634. The method of claim 623, fiirther comprising controlling the heat such that an 
average heating rate of the selecteyfl section is less than about l °C per day during 
pyrolysis. 



635. The method of claim 623, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyroly^es at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eriergy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated/by the equation: 
Pwr = A*F*Cv*/)5 
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wherein Pwr is the heating energy/day, A is an average heating^ rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

636. The method of claim 623, wherein allowing the heat/fo transfer comprises 
transferring heat substantially by conduction. / 

637. The method of claim 623, wherein providing heat from the one or more heat 
sources comprises heating the selected formation suon that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 

638. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leas/ about 25°. 

639. The method of claim 623, wherein 
hydrocarbons, and wherein about O.I Vohi 
condensable hydrocarbons are olefins. / 

640. The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

641 . The method of claim 623, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

642. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



le produced mixture comprises condensable 
weight to about 1 5 % by weight of the 
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643. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, Wnen calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

644. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by w/ight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

645. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight ia about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

646. The method of claim 623, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thaiyabout 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

647. The method of claim 623, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

648. The method of claim 62 J, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

649. The method of claim 023, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ar^ cycloalkanes. 

650. The method of claim 623, wherein the produced mixture comprises a non- 
condensable component, wh jrein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of the ncm-condensable 
component, and wherein the hydrogen is less than about 80 % by vplume of the non- 
condensable component. / 

65 1 . The method of claim 623, wherein the produced mixnire comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

652. The method of claim 623, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. / 

653. The method of claim 623, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

654. The method of claim 623, wherein the^artial pressure of H2 is measured when the 
mixture is at a production well. / 

655. The method of claim 623, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

656. The method of claim 623, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

657. The method of claim 623, fiiAher comprising: 

providing hydrogen (H2) to me heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the seotion with heat from hydrogenation. 
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658. 



The method of claim 623, wherein the produced mixture comprises hydrogen and 



c^mpn 



condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of th^ produced hydrogen. 



659. The method of claim 623, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

660. The method of claim 623, wherein allowing theyneat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

661. The method of claim 623, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocpbons, as measured by the Fischer 
Assay. 

662. - The method of claim 623, wherein prodiicing the mixture comprises producing 
the mixture in a production well, and wherein/at least about 7 heat soxu"ces are disposed in 
the formation for each production well. 

663. The method of claim 623, further Cjimprising providing heat from three or more 
heat sources to at least a portion of the foirnation, wherein three or more of the heat 
sources are located in the formation in a i/lnit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



664. The method of claim 623, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattecn, and wherein a plurality of the imits are repeated 
over an area of the formation to form a repetitive pattern of units. 

665. A method of treating a hyd ocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion jof the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation to raise an average temperature within the /elected section to, or 
above, a temperature that will pyrolyze hydrocarbons within the fleeted section; 

producing a mixture from the formation; and / 

controlling hydrocarbons having carbon numbers gresfter than 25 of the produced 
mixture to be less than about 25 % by weight by controlling average pressure and average 
temperature in the selected section such that the average m-essure in the selected section 
is greater than the pressure (p) set forth in the foUowingyequation for an assessed average 
temperature (J) in the selected section: / 

^ _ ^['14000/7^251 

where p is measured in psia and T is measured in " Kelvin. 

666. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 20 % by 
weight, and wherein the equation is: I 

p ^ ^['I60d0/T+28J^ 

667. The method of claim 662, wherein the hydrocarbons having carbon numbers 
greater than 25 of the produced mixture is controlled to be less than about 1 5 % by 
weight, and wherein the equation is: / 

p = J[-i8000/r+32] 

668. The method of claim 662, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposilion of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

669. The method of claim 662, wherein the one or more heat sources comprise 
electrical heaters. | 
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670. The method of claim 662, wherein the one or more heat sour9es comprise surface 
burners. 

671 . The method of claim 662, wherein the one or more hea/sources comprise 
flameless distributed combustors. 

672. The method of claim 662, wherein the one or mo^ heat sources comprise natural 
distributed combustors. 

673. The method of claim 662, further comprising controlling a temperature within at 
least a majority of the selected section of the fonriation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

674. The method of claim 673, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

675. The method of claim 662, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



676. The method of claim 662, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes ^t least some hydrocarbons wdthin the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by \hc equation: 
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wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pB is fomiation bulk density, and wherein the heating r^e is less than about 10 
°C/day. 

677. The method of claim 662, wherein allowing the heaj/to transfer comprises 
transferring heat substantially by conduction. 

678. The method of claim 662, wherein providing h^at from the one or more heat 
sources comprises heating the selected section suchyfliat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

679. The method of claim 662, wherein the riiroduced mixture comprises condensable 
hydrocarbons having an API gravity of at leasft about 25°. 

680. The method of claim 662, whereinythe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % \fy weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

681. The method of claim 662, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whdrein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges irom about 0.001 to about 0.15. 

682. The method of claim 662/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrci:arbons is nitrogen. 



683. The method of claim Q52, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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684. The method of claim 662, wherein the produced mixture compriaes condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 



685. The method of claim 662, wherein the produced mixture/comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % bwweight of the condensable 
hydrocarbons comprise oxygen containing compounds, andywherein the oxygen 
containing compounds comprise phenols. 

686. The method of claim 662, wherein the producer mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % j/y weight of the condensable 
hydrocarbons are aromatic compounds. 

687. The method of claim 662, wherein the pyoduced mixture comprises condensable 
hydrocarbons, and wherein less than about SVfhy weight of the condensable 
hydrocarbons comprises multi-ring aromaticsr with more than two rings. 

688. The method of claim 662, whereinythe produced mixture comprises condensable 
hydrocarbons, and wherein less than abojit 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

689. The method of claim 662, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 ^ by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



690. The method of claim 662/ wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyjorogen is less than about 80 % by volume of the non- 
condensable component. 
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691. The method of claim 662, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is anmionia. 

692. The method of claim 662, wherein the produced mixtur^ comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

693. The method of claim 662, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

694. The method of claim 662, wherein the paipal pressure of H2 is measured when the 
mixture is at a production well. 

695. The method of claim 662, further con?{prising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

696. The method of claim 662, furthe^r comprising: 
providing hydrogen (H2) to th/ heated section to hydrogenate hydrocarbons - 

within the section; and 

heating a portion of the sectfon with heat from hydrogenation. 

697. The method of claim 662ywherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocaribons with at least a portion of the produced hydrogen. 



698. The method of claim 
increasing a permeability of a 
millidarcy. 



652, wherein allowing the heat to transfer comprises 
majority of the selected section to greater than about 100 
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699. The method of claim 662, wherein allowing the heat to transfer obmprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

700. The method of claim 662, further comprising controlling tl/e heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



10 



70 1 . The method of claim 662, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least abo^t 7 heat sources are disposed in 
the formation for each production well. 



□ 
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702. The method of claim 662, further comprising/providing heat from three or more 
heat sources to at least a portion of the formation, vykerein three or more of the heat 
sources are located in the formation in a unit of h^t sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

703. The method of claim 662, further comj(rising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ancy wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



704. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or mo^ heat sources to at least a portion of the 
25 formation; 

allowing the heat to transfer fiom the one or more heat sources to a selected 
section of the formation to raise an aA^erage temperature within the selected section to, or 
above, a temperature that will pyrolvze hydrocarbons within the selected section; 
producing a mixture from the formation; and 
30 controlling an atomic hydrqgen to carbon ratio of the produced mixture to be 

g average pressure and average temperature in the 



controlling an atomic hydro 
greater than about 1.7 by controUir 
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selected section such that the average pressure in the selected section is greater than the 
pressure (p) set forth in the following equation for an assessed a/erage temperature (7^ in 
the selected section: 

p = ^['38000/7 +61 J 

where p is measured in psia and Tis measured in Kelvii 

705. The method of claim 704, wherein the atomic^ydrogen to carbon ratio of the 
produced mixture is controlled to be greater than about 1.8, and wherein the equation is: 

p ^ ^[~B000/Tf24] 

706. The method of claim 704, wherein the sftomic hydrogen to carbon ratio of the 

produced mixture is controlled to be greater than about 1 .9, and wherein the equation is: 

p = ^[/sooo/T+is] 

707. The method of claim 704, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

708. The method of claim 704, wperein the one or more heat sources comprise 
electrical heaters. 

709. The method of claim 704/ wherein the one or more heat sources comprise surface 
bumers. 

710. The method of claim 'i5b4, wherein the one or more heat sources comprise 
flameless distributed combusiors. 



711. The method of claii 
distributed combustors. 



704, wherein the one or more heat sources comprise natural 
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712. The method of claim 704, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

713. The method of claim 712, wherein controlling the terfiperature comprises 
maintaining a temperature within the selected section wit^n a pyrolysis temperature 
range. 



in 
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10 714. The method of claim 704, further comprising controlling the heat such that an 
average heating rate of the selected section is lessyftian about 1 °C per day during 
pyrolysis. 

715. The method of claim 704, wherein prc(viding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)oft\^ hydrocarbon containing formation from the 
one or more heat sources, wherein the fomiation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least sy(me hydrocarbons within the selected volume of 
the formation; and 

20 wherein heating energy/day provided to the volume is equal to or less than Pwr, 

wherein Pwr is calculated by the equation: 
Pwr = hWCy'^pB 

wherein Pwr is the heatin^energy/day, /z is an average heating rate of the 
formation, Pb is formation bulk dpsity, and wherein the heating rate is less than about 10 
25 °C/day. 



716. The method of claim 70ft, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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717. The method of claim 704, wherein providing heat from thef one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

718. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25/. 

719. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

720. The method of claim 704, wherein the |(roduced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

721 . The method of claim 704, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

722. The method of claim 704, Wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

723. The method of claim 764, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

724. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherejfn less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. 
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725. The method of claim 704, wherein the produced mixture comnnses condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

726. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by w^ght of the condensable 
hydrocarbons are aromatic compounds. 

727. The method of claim 704, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics witjj more than two rings. 

728. The method of claim 704, wherein the i/roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.^ % by weight of the condensable 
hydrocarbons are asphaltenes. 

729. The method of claim 704, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % bv weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



730. The method of claim 704, whefrein the produced mixture comprises a non- 
condensable component, wherein tha non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thanf about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



73 1 . The method of claim 704, 
wherein greater than about 0.05 Vc 



vherein the produced mixture comprises ammonia, and 
3y weight of the produced mixture is ammonia. 
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732. The method of claim 704, wherein the produced mixliire comprises ammonia, and 
wherein the ammonia is used to produce fertihzer. / 

733. The method of claim 704, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and M2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

734. The method of claim 704, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. / 

735. The method of claim 704, further comprising altering a pressure within the 
formation to inhibit production of hydrocaitons from the formation having carbon 
numbers greater than about 25. / 

736. The method of claim 704, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

737. The method of claim 704, mrther comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

738. The method of claim 704, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, me method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

739. The method of claim 704, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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740. The method of claim 704, wherein allowing the heat to transfer comprises 
substantially unifonnly increasing a permeability of a majority of the selected section. 

741 . The method of claim 704, further comprising controlling ther heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

742. The method of claim 704, wherein producing the niixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

743. The method of claim 704, further comprisinaproviding heat from three or more 
heat sources to at least a portion of the formation, wierein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

744. The method of claim 704, further comprising providing heat from three or more 
heat sources to at least a portion of the form^ion, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

745. A method of treating a hydrocapon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 

formation; / 

allowing the heat to transfer irom the one or more heat sources to a selected 
section of the formation; / 

controlling a pressure-temperature relationship within at least the selected section 
of the formation by selected energy input into the one or more heat sources and by 
pressure release from the selected section through wellbores of the one or more heat 
sources; and | 
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producing a mixture from the formation. 



746. The method of claim 745, wherein the one or more heatysources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected sepion of the formation. 

747. The method of claim 745, wherein the one or mo/e heat sources comprise at least 
two heat sources. 

748. The method of claim 745, wherein the one 9^ more heat sources comprise surface 
burners. 

749. The method of claim 745, wherein the q4ie or more heat sources comprise 
flameless distributed combustors. 

750. The method of claim 745, wherein ^e one or more heat sources comprise natural 
distributed combustors. 

75 1 . The method of claim 745, fiirth^r comprising controlling the pressure-temperature 
relationship by controlling a rate of removal of fluid from the formation. 

752. The method of claim 745, fiirther comprising controlling the heat such that an 
average heating rate of the selectee/ section is less than about 1 °C per day during 
pyrolysis. 



753. The method of claim 743, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 



one or more heat sources, whi 
wherein the heating pyrolyzej 
the formation; and 



rein the formation has an average heat capacity (Cv), and 
at least some hydrocarbons within the selected volume of 
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wherein heating energy/day provided to the volume is equal to jor less than Pwr, 
wherein Pwr is calculated by the equation: / 
Pwr ^ hW^Cy'^PB / 
wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

754. The method of claim 745, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

755. The method of claim 745, wherein providing/neat from the one or more heat 
sources comprises heating the selected section sucM that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

756. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

757. The method of claim 745, wherein 
hydrocarbons, and wherein about 0.1. % 
condensable hydrocarbons are olefins. / 

758. The method of claim 745, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

759. The method of claim 745/ wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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le produced mixture comprises condensable 
weight to about 1 5 % by weight of the 



760. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated/on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

761. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

762. The method of claim 745, wherein the produced mixtifre comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

763. The method of claim 745, wherein the producecy mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about iO % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

764. The method of claim 745, wherein the pn 
hydrocarbons, and wherein greater than about 20 
hydrocarbons are aromatic compounds. / 

765. The method of claim 745, wherein tMe produced mixture comprises condensable 
hydrocarbons, and wherein less than about/5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromaiics with more than two rings. 

766. The method of claim 745, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 



ftduced mixture comprises condensable 
% by weight of the condensable 
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767. The method of claim 745, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

768. The method of claim 745, wherein the produced mixturie comprises a non- 
condensable component, wherein the non-condensable comppnent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volunip of the non-condensable 
component, and wherein the hydrogen is less than aboutySO % by volimie of the non- 
condensable component. / 

769. The method of claim 745, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is anmionia. 

770. The method of claim 745, wherein the^produced mixture comprises ammonia, and 
wherein the ammonia is used to produce ferfilizer. 

771 . The method of claim 745, furtheycomprising controlling a pressure within at least 
a majority of the selected section of th&formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

772. The method of claim 745, rarther comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein the partial pressure of H2 within 
the mixture is greater than about/o.5 bar, 

773. The method of claim 745, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater/than about 0.5 bar. 

774. The method of claij 
mixture is at a productionr 



745, wherein the partial pressure of H2 is measured when the 
veil. 
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775. The method of claim 745, further comprising altering a pressureyWithin the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 



776. The method of claim 745, wherein controlling formatioft conditions comprises 
recirculating a portion of hydrogen from the mixture into th^formation. 

777. The method of claim 745, further comprising: 
providing hydrogen (H2) to the heated section j6 hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat frcfm hydrogenation. 

778. The method of claim 745, wherein the p/oduced mixture comprises hydrogen and 
condensable hydrocarbons, the method further/comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

779. The method of claim 745, wherein Allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
milHdarcy. 

780. The method of claim 745, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

78 1 . The method of claim 745, ftirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 



782. The method of claim 745, wherein producing the mixture comprises producing 



the mixture in a production we 



the formation for each production well 



, and wherein at least about 7 heat sources are disposed in 
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783. The method of claim 745, further comprising providing heat fr^m three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, andywherein the unit of heat 
sources comprises a triangular pattern. 

784. The method of claim 745, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sopces, wherein the unit of heat 
sources comprises a triangular pattern, and wherein aplurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

785. A method of treating a hydrocarbon contsuning formation in situ, comprising: 
heating a selected volume (F) of the hydrocarbon containing formation, wherein 
formation has an average heat capacity (Cv), and wherein the heating pyrolyzes at least 
some hydrocarbons within the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatio;!: 

wherein Pwr is the heating energy/day, his an average heating rate of the formation, 
pB is formation bulk density, and wherein the heating rate is less than about 10 °C/day. 

786. The method of claim 785, /wherein heating a selected volume comprises heating 
v^th an electrical heater. 

787. The method of claim 7^5, wherein heating a selected volume comprises heating 
with a surface burner. 



788. The method of claini 785, wherein heating a selected volume comprises heating 
with a flameless distributeq combustor. 
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789. The method of claim 785, wherein heating a selected volume coniprises heating 
with a natural distributed combustors. / 

790. The method of claim 785, further comprising controlling apressure and a 
temperature within at least a majority of the selected volume of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a fimction of pressure. / 

791 . The method of claim 785, further comprising controlling the heating such that an 
average heating rate of the selected volume is less than/about 1 °C per day during 
pyrolysis. / 

792. The method of claim 785, wherein a valueyior Cy is determined as an average heat 
capacity of two or more samples taken from the hydrocarbon containing formation. 

793. The method of claim 785, wherein heating the selected volume comprises 
transferring heat substantially by conduction. 

794. The method of claim 785, wherein heating the selected volume comprises heating 
the selected section such that a thermal/conductivity of at least a portion of the selected 
section is greater than about 0.5 W/(in °C). 

795. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons having an API grav/ty of at least about 25°. 

796. The method of claim 786, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons arelolefins. 



\ 
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797. The method of claim 785, wherein the produced mixture comnnses non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to al^ut 15 % by weight 
of the non-condensable hydrocarbons are olefins. / 

798. The method of claim 785, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

799. The method of claim 785, wherein the produce/ mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen./ 

800. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 vJhy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

801 . The method of claim 785, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than abom 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

802. The method of claim 785, whefrein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise pmenols. 

803. The method of claim 785iwherein the produced mixture comprises condensable 
hydrocarbons, and wherein greatfer than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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804. The method of claim 785, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of thexondensable 
hydrocarbons comprises multi-ring aromatics with more thaniwo rings. 

805. The method of claim 785, wherein the produced imxture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

806. The method of claim 785, wherein the proi^uced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weighj/to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

807. The method of claim 785, wherein me produced mixture comprises a non- 
condensable component, wherein the non/condensable component comprises hydrogen, 
wherein the hydrogen is greater than abooit 10 % by volume of the non-condensable 
component, and wherein the hydrogen fs less than about 80 % by volume of the non- 
condensable component. 

808. The method of claim 785, vyiierein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 vJhy weight of the produced mixture is ammonia. 

809. The method of claim 78^, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer 

810. The method of claim 785, further comprising controlling a pressure within at least 
a majority of the selected volume of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute.) 



811. The method of claim 785, further comprising controlling formation conditions to 
produce a mixture from th s formation comprising condensable hydrocarbons and H2, 
wherein a partial pressure of H2 within the mixture is greater than about 0.5 bar. 
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812. The method of claim 785, wherein the partial pressure of H/is measured when the 
mixture is at a production well. / 



813. The method of claim 785, further comprising altering/a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

814. The method of claim 785, wherein controlling/iormation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

815. The method of claim 785, fiirther comprising : 
providing hydrogen (H2) to the heated yolume to hydrogenate hydrocarbons 

within the volume; and 

heating a portion of the volume witMieat from hydrogenation. 



816. The method of claim 785, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the methoa further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

817. The method of claim 785, further comprising increasing a permeability of a 
majority of the selected volume to greater than about 100 millidarcy. 

818. The method of claim 785, fiirther comprising substantially uniformly increasing a 
permeability of a majority of the selected volume. 

819. The method of claim ^85, fiirther comprising controlling the heat to yield greater 
than about 60 % by weight off condensable hydrocarbons, as measured by the Fischer 
Assay. 
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820. The method of claim 785, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat soui/es are disposed in 
the formation for each production well. 

82 1 . The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources/ and wherein the unit of heat 
sources comprises a triangular pattern. 

822. The method of claim 785, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, whetein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and whereirya plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

823. A method of treating a hydrocarbon coiuaining formation in situ, comprising: 
providing heat from one or rriore heat sources to at least a portion of the 

formation; 

allowing the heat to transfer from thi one or more heat sources to a selected 
section of the formation to raise an average temperature within the selected section to, or 
above, a temperature that will pyroiyze hydrocarbons within the selected section; 

controlling heat output from the one or more heat sources such that an average 
heating rate of the selected section rises iby less than about 3 °C per day when the average 
temperature of the selected section is atf, or above, the temperature that will pyroiyze 
hydrocarbons within the selected section; and 

producing a mixture from the formation. 



824. The method of claim 823, ccmtroUing heat output comprises: 

raising the average temperamire within the selected section to a first temperature 



that is at or above a minimum pyro 
formation; 



ysis temperature of hydrocarbons within the 
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limiting energy input into the one or more heat sources to mhibit increase in 
temperature of the selected section; and / 

increasing energy input into the formation to raise an average temperature of the 
selected section above the first temperature w^hen production/of formation fluid declines 
below a desired production rate. / 

825. The method of claim 823, controlling heat output comprises: 

raising the average temperature within the selected section to a first temperature 
that is at or above a minimum pyrolysis temperature of hydrocarbons within the 
formation; / 

limiting energy input into the one or more heat sources to inhibit increase in 
temperature of the selected section; and / 

increasing energy input into the formacion to raise an average temperature of the 
selected section above the first temperature when quality of formation fluid produced 
fi-om the formation falls below a desired quality. 

826. The method of claim 823, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat fi-om at least the two heat sources 
pyrolyzes at least some hydrocarbons^ within the selected section. 

827. The method of claim 823, wherein the one or more heat sources comprise 
electrical heaters. / 

828. The method of claim 823, wherein the one or more heat sources comprise surface 
burners. / 

829. The method of claim 823, wherein the one or more heat sources comprise 
flameless distributed combustors. 

830. The method of claim 8p, wherein the one or more heat sources comprise natural 
distributed combustors. 
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83 1 . The method of claim 823, further comprising controlling a/pressure and a 
temperature within at least a majority of the selected section of me formation, wherein 
the pressure is controlled as a function of temperature, or the^mperature is controlled as 
a function of pressure. 

832. The method of claim 823, wherein the heat is ccmtroUed that an average heating 
rate of the selected section is less than about 1.5 °C per day during pyrolysis. 

833. The method of claim 823, wherein the heaft is controlled that an average heating 
rate of the selected section is less than about 1 °)C per day during pyrolysis. 

834. The method of claim 823, wherein providing heat from the one or more heat 
sources to at least the portion of formation domprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the fonnation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least sopie hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr^ 
wherein Pwr is calculated by the equ^ion: 

wherein Pwr is the heating eKergy/day, /z is an average heating rate of the 
formation, Pb is formation bulk density. 

835. The method of claim 823, Avherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



836. The method of claim 823 
sources comprises heating the se 
a portion of the selected section 



, wherein providing heat from the one or more heat 
ected section such that a thermal conductivity of at least 
s greater than about 0.5 W/(m °C). 
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837. The method of claim 823, wherein the produced mixture/omprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

838. The method of claim 823, wherein the produced nuxture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to abj/ut 15 % by weight of the 
condensable hydrocarbons are olefins. 



10 



839. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein the condensable hydrocarbons have an olefin content is less than 
about 2.5 % by weight of the condensable hydrocarbons, and wherein the olefin content 
is greater than about 0.1 % by weight of the condensable hydrocarbons. 



H 15 



840. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a moFar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than aput 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 



s 

O 



U 



20 



841 . The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less tpan about 0.10 and wherein the ratio of ethene to 
ethane is greater than about O.OOli 



25 



842. The method of claim 823, wherein the produced mixture comprises non- 
condensable hydrocarbons, ana wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.05 and wherein the ratio of ethene to 
ethane is greater than about O/OOL 



843. The method of claim/823, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein 



30 basis, of the condensable hjdrocarbons is nitrogen. 



ess than about 1 % by weight, when calculated on an atomic 
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844. The method of claim 823, wherein the produced mixture commises condensable 
hydrocarbons, and v^erein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 



845. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight,ywhen calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

846. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compglinds, and wherein the oxygen 
containing compounds comprise phenols. 

847. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than abqut 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

848. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than epout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

849. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tpan about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

850. The method of claim 823, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein apout 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ate cycloalkanes. 

85 1 . The method of claim 823, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
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wherein the hydrogen is greater than about 10 % by volume ofme non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

852. The method of claim 823, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of th/ produced mixture is ammonia. 

853. The method of claim 823, wherein the Aoduced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

854. The method of claim 823, further comprising controlling a pressure within at least 
a majority of the selected section of me formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. / 

855. The method of claim 82^, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater man about 0.5 bar. 

856. The method of claim 823, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 

857. The method of claim 823, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than/about 25. 

858. The method iof claim 823, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

859. The method of claim 823, further comprising: 
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providing H2 to the heated section to hydrogenate hydrocarbons within the 
section; and / 
heating a portion of the section with heat from hydrogenalion. 

860. The method of claim 823, wherein the produced mixmre comprises hydrogen and 
condensable hydrocarbons, the method further comprising^hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

861. The method of claim 823, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

862. The method of claim 823, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeabil/ty of a majority of the selected section. 

863. The method of claim 823, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

864. The method of claim 823, wherein producing the mixture comprises producing 
the mixture in a production well, and wnerein at least about 7 heat sources are disposed in 
the formation for each production wely. 

865. The method of claim 823, firaher comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

866. The method of claim 823, feurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of th^^mts are repeated 
over an area of the formation to form a repetitive pattern of units. 

867. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; to heat a selected section of the formation to ay average temperature above 
about 270 °C; 

allowing the heat to transfer from the one or lyfbre heat sources to the selected 
section of the formation; 

controlling the heat from the one or more Heat sources such that an average 
heating rate of the selected section is less than aoout 3 °C per day during pyrolysis; and 

producing a mixture from the formaticm. 

868. The method of claim 867, wherein/the one or more heat sources comprise at least 
two heat sources, and wherein superposinon of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

869. The method of claim 867, w|/erein the one or more heat sources comprise 
electrical heaters. 

870. The method of claim 86^, further comprising supplying electricity to the electrical 
heaters substantially during non-peak hours. 

871 . The method of claim j867, wherein the one or more heat sources comprise surface 
burners. 

872. The method of cla/m 867, wherein the one or more heat sources comprise 
flameless distributed combustors. 



873. The method of daim 867, wherein the one or more heat sources comprise natural 
distributed combustors. 
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874. The method of claim 867, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the tem/erature is controlled as 
a function of pressure. / 

875. The method of claim 867, wherein the heat is furthe/ controlled such that an 
average heating rate of the selected section is less than ab^ut 3 °C/day until production of 
condensable hydrocarbons substantially ceases. / 

876. The method of claim 867, wherein the heat isymrther controlled that an average 
heating rate of the selected section is less than about 1 .5 °C per day during pyrolysis. 

877. The method of claim 867, wherein the heat is further controlled such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

878. The method of claim 867, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of me hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, Pb is formation bulk demsity. 

879. The method of claim 867, wherein allowing the heat to transfer comprises 
transferring heat substantially by <;onduction. 
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880. The method of claim 867, wherein providing heat from tiy one or more heat 
sources comprises heating the selected section such that a thenml conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

881. The method of claim 867, v^herein the produced mj/kture comprises condensable 
hydrocarbons having an API gravity of at least about 25^ 

882. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight t^ about 15 % by weight of the 
condensable hydrocarbons are olefins. 

883. The method of claim 867, wherein the pE6duced mixture comprises non- 
condensable hydrocarbons, and wherein about p.l % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are oleliftis. 

884. The method of claim 867, wherein tMe produced mixture comprises non- 
condensable hydrocarbons, wherein a molacr ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than ab^ut 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

885. The method of claim 867, wheBfein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



886. The method of claim 867, vmerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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887. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when cajxjulated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. 

888. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % Ky weight of the condensable 
hydrocarbons comprise oxygen containing compounds, ar^fa wherein the oxygen 
containing compounds comprise phenols. 

889. The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 /^by weight of the condensable 
hydrocarbons are aromatic compounds. 

890. The method of claim 867, wherein the /produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5y% by weight of the condensable 
hydrocarbons comprises multi-ring aromatips with more than two rings. 

89 1 . The method of claim 867, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than abput 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

892. The method of claim 867, wlprein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cyclpalkanes. 



893. The method of claim 867, wherein the produced mixture comprises a non- 
condensable component, wherein/the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater t lan about 10 % by volume of the non-condensable 
component, and wherein the hydjogen is less than about 80 % by volume of the non- 
condensable component. 



v 

402 



Conley, Rose & Tayon, P.C. 



894. The method of claim 867, wherem the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixt^e is ammonia. 

895. The method of claim 867, wherein the produced mixtur^^ comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

896. The method of claim 867, further comprising comroUing a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

897. The method of claim 867, further compri^ng controlling formation conditions to 
produce a mixture of condensable hydrocarbon^and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 ba 

898. The method of claim 897, wherein t^e partial pressure of H2 is measured when the 
mixture is at a production well. 

899. The method of claim 867, furth^ comprising altering a pressure within the 
formation to inhibit production of hydpcarbons from the formation having carbon 
numbers greater than about 25. 

900. The method of claim 867, wnerein controlling formation conditions comprises 
recirculating a portion of hydrogen/from the mixture into the formation. 

901 . The method of claim 867,/further comprising: 
providing hydrogen (H2) fo the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the ^ection with heat from hydrogenation. 
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902. The method of claim 867, wherein the produced mixture^comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion c/f the produced hydrogen. 

903, The method of claim 867, wherein allowing the l/eat to transfer comprises 
increasing a permeability of a majority of the selected ^ection to greater than about 100 
millidarcy. 



10 



904. The method of claim 867, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



n 



15 



20 



905. The method of claim 867, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable Ijydrocarbons, as measured by the Fischer 
Assay. 

906. The method of claim 867, where/n producing the mixture comprises producing 
the mixture in a production well, and vynerein at least about 7 heat sources are disposed in 
the formation for each production we^ 

907. The method of claim 867, fi^er comprising providing heat from three or more 
heat sources to at least a portion ofl^the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



25 



30 



908. The method of claim 867, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formatiojn to form a repetitive pattern of units. 

909. A method of treating a hydrocarbon containing formation in situ, comprising: 
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providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation through at l^ast one production well; 

monitoring a temperature at or in the production well; and 

controlling heat input to raise the monitored temperature at a rate of less than 
about 3 °C per day. / 

910. The method of claim 909, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

911. The method of claim 909, wherein the one or more heat sources comprise 
electrical heaters. / 

912. The method of claim 909, wherein me one or more heat sources comprise surface 
bumers. / , 

913. The method of claim 909, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

914. The method of claim 909, wherein the one or more heat sources comprise natural 
distributed combustors. / 

915. The method of claim 909, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fiinption of temperature, or the temperature is controlled as 
a function of pressure. I 
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916. The method of claim 909, wherein the heat is controlled that an average heating 
rate of the selected section is less than about 1 °C per day during pyrolt^sis. 

917. The method of claim 909, wherein providing heat from the pne or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V)of the hydrocarbon contaiidng formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons w^in the selected volume of 
the formation; and 

wherein heating energy/day provided to the volun^ is equal to or less than Pwf% 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is anykverage heating rate of the 
formation, Pb is formation bulk density. 

918. The method of claim 909, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

919. The method of claim 909, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m X). 

920. The method of claim 909, wherein/the produced mixture comprises condensable 
hydrocarbons having an API gravity of ay least about 25"". 

921 . The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins/ 



922. The method of claim 909, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratidof ethene to 
ethane is greater than about 0.001 . / 

923. The method of claim 909, wherein the produced mixture c/omprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, wherf calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

924. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigh/, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

925. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

926. The method of claim 909, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to/about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

927. The method of claim 909, whereii 
hydrocarbons, and wherein greater than a 
hydrocarbons are aromatic compounds. / 

928. The method of claim 909, wheiein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

929. The method of claim 909, ^ 
hydrocarbons, and wherein less thi 
hydrocarbons are asphaltenes. i 
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/the produced mixture comprises condensable 
30ut 20 % by weight of the condensable 



lerein the produced mixture comprises condensable 
. about 0.3 % by weight of the condensable 



930. The method of claim 909, wherein the produced mixture compri^ei condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by w^ght of the 
condensable hydrocarbons are cycloalkanes. 

93 1 . The method of claim 909, wherein the produced mixtur^ comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volumeyof the non-condensable 
component, and wherein the hydrogen is less than about 8^ % by volume of the non- 
condensable component. 

932. The method of claim 909, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

933. The method of claim 909, wherein the proceed mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilize^ 

934. The method of claim 909, further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 

935. The method of claim 909, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



936. The method of claim 935, whereip the partial pressure of H2 is measured when the 
mixture is at a production well. 



937. The method of claim 909, further 



comprising altering a pressure within the 



formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



\ 
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938. The method of claim 909, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

939. The method of claim 909, further comprising: / 

providing H2 to the heated section to hydrogenate hyprocarbons within the 
section; and / 

heating a portion of the section with heat from hydrogenation. 

940. The method of claim 909, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method fiirther composing hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

941 . The method of claim 909, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

.942. The method of claim 909, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

943. The method of claim 909, further aomprising controlling the heat to yield greater 
than about 60 % by weight of condensabye hydrocarbons, as measured by the Fischer 
Assay. / 

944. The method of claim 909, wherein producing the mixture comprises producing 
the mixture in a production well, and/wherein at least about 7 heat sources are disposed in 
the formation for each production wpl. 

945. The method of claim 909, 
heat sources to at least a portion oj 



ther comprising providing heat from three or more 
Ithe formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern, . / 

946. The method of claim 909, further comprising providing Vieat from three or more 
heat sources to at least a portion of the formation, wherein thr^e or more of the heat 
sources are located in the formation in a unit of heat sources; wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plu™ity of the units are repeated 
over an area of the formation to form a repetitive patternr of units. 

947. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a portion of the formation to a temperature sufficient to support oxidation 

of hydrocarbons within the portion, wherein the portion is located substantially adjacent 

to a wellbore; / 

flowing an oxidant through a conduit positioned within the wellbore to a heat 

source zone within the portion, wherein the heat source zone supports an oxidation 

reaction between hydrocarbons and the oxidant; 

reacting a portion of the oxidant with hydrocarbons to generate heat; and 
transferring generated heat substantially by conduction to a pyrolysis zone of the 

formation to pyrolyze at least a portion of me hydrocarbons within the pyrolysis zone. 

948. The method of claim 947, wherein heating the portion of the formation comprises 
raising a temperature of the portion above about 400 °C. 

949. The method of claim 947, wherein the conduit comprises critical flow orifices, the 
method further comprising flowing the oxidant through the critical flow orifices to the 
heat source zone. / 

950. The method of claim 947, further comprising removing reaction products from the 
heat source zone through the wellbore. 
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95 1 . The method of claim 947, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to the pyrolysis zone. 

952. The method of claim 947, further comprising transporti/ig the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

953. The method of claim 947, further comprising hea^ng the conduit with reaction 
products being removed through the wellbore. 

954. The method of claim 947, v^herein the oxidaht comprises hydrogen peroxide. 

955. The method of claim 947, wherein the oxidant comprises air. 

956. The method of claim 947, wherein the oxidant comprises a fluid substantially free 
of nitrogen. 

957. The method of claim 947, further Comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 

958. The method of claim 947, whgrein heating the portion of the formation comprises 
electrically heating the formation. 

959. The method of claim 947, \^^herein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 

960. The method of claim 94X wherein heating the portion of the formation comprises 
heating the portion with a flamoless distributed combustor. 



96 1 . The method of claim 9 
temperature within at least a niajority 



7, further comprising controlling a pressure and a 
of the pyrolysis zone, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controUe^a as a function of 
pressure. 

962. The method of claim 947, further comprising controlling/ihe heat such that an 
average heating rate of the pyrolysis zone is less than about 1 9C per day during pyrolysis. 

963. The method of claim 947, wherein heating the portion comprises heating the 
pyrolysis zone such that a thermal conductivity of at lea^ a portion of the pyrolysis zone 
is greater than about 0.5 W/(m **C). 

964. The method of claim 947, further comprising controlling a pressure within at least 
a majority of the pyrolysis zone of the formation, ^herein the controlled pressure is at 
least about 2.0 bar absolute. 

965. The method of claim 947, further comnfising: 
providing hydrogen (H2) to the pyrolyysis zone to hydrogenate hydrocarbons 

within the pyrolysis zone; and 

heating a portion of the pyrolysis zdne with heat from hydrogenation. 

966. The method of claim 947, wherein transferring generated heat comprises 
increasing a permeability of a majority ^f the pyrolysis zone to greater than about 100 
millidarcy. 

967. The method of claim 947, wherein transferring generated heat comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 



968. The method of claim 947, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 



969. The method of claim 947, 
pressure differentials along a heated 



wherein the wellbore is located along strike to reduce 
length of the wellbore. 
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970. The method of claim 947, wherem the wellbore is located alcfng strike to increase 
uniformity of heating along a heated length of the wellbore, / 

971 . The method of claim 947, wherein the wellbore is located along strike to increase 
control of heating along a heated length of the wellbore. / 

972. A method of treating a hydrocarbon containing fomiation in situ, comprising: 
heating a portion of the formation to a temperatiire sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidant; 

flowing the oxidant into a conduit, and wherein the conduit is connected such that 
the oxidant can flow from the conduit to the hydrocarbons; 

allowing the oxidant and the hydrocarbons to react to produce heat in a heat 
source zone; / 

allowing heat to transfer from the heat ysource zone to a pyrolysis zone in the 
formation to pyrolyze at least a portion of the hydrocarbons within the pyrolysis zone; 
and / 

removing reaction products such that the reaction products are inhibited from 
flowing from the heat source zone to the pyrolysis zone. 

973. The method of claim 972, wherein heating the portion of the formation comprises 
raising the temperature of the portion Above about 400 °C. 

974. The method of claim 972, wherein heating the portion of the formation comprises 
electrically heating the formation. / 

975. The method of claim 972/ wherein heating the portion of the formation comprises 
heating the portion using exhaust gases from a surface burner. 
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976. The method of claim 972, wherein the conduit comprises critiokl flow orifices, the 
method further comprising flowing the oxidant through the critical fjow orifices to the 
heat source zone. 

977. The method of claim 972, wherein the conduit is locat/d within a wellbore, 
wherein removing reaction products comprises removing reaction products fi"om the heat 
source zone through the wellbore. 



10 



978. The method of claim 972, further comprising removing excess oxidant from the 
heat source zone to inhibit transport of the oxidant to me pyrolysis zone. 



g 
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979. The method of claim 972, further comprising transporting the oxidant from the 
conduit to the heat source zone substantially by diffusion. 

980. The method of claim 972, wherein the cAnduit is located within a wellbore, the 
method further comprising heating the conduit/ with reaction products being removed 
through the wellbore to raise a temperature of the oxidant passing through the conduit. 



m 



u 

5 » 
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98 1 . The method of claim 972, wherein tne oxidant comprises hydrogen peroxide. 

982. The method of claim 972, wherein the oxidant comprises air. 



25 
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983. The method of claim 972, wherejln the oxidant comprises a fluid substantially fi*ee 
of nitrogen. 

984. The method of claim 972, furtner comprising limiting an amount of oxidant to 
maintain a temperature of the heat source zone less than about 1200 °C. 



985. The method of claim 972, 
maintain a temperature of the heat 
of oxides of nitrogen. 



fiitlther comprising limiting an amount of oxidant to 
s0urce zone at a temperature that inhibits production 



414 



Conley, Rose & Tayon, P.C. 



\ 




986. The method of claim 972, wherein heating a portion of the formation to a 
temperature sufficient to support oxidation of hydrocarbons withi^f the portion further 
comprises heating with a flameless distributed combustor. 

987. The method of claim 972, further comprising controlling a pressure and a 
temperature within at least a majority of the pyrolysis zoneyof the formation, wherein the 
pressure is controlled as a function of temperatiire, or the/emperature is controlled as a 
function of pressure. 

988. The method of claim 972, further comprising/controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 

989. The method of claim 972, wherein allow/ng the heat to transfer comprises 
transferring heat substantially by conduction. 

990. The method of claim 972/ wherein allowing heat to transfer comprises 
heating the pyrolysis zone such that a thermal conductivity of at least a portion of the 
pyrolysis zone is greater than about 0.5 ^y/(m °C). 

99 1 . The method of claim 972, furth;6r comprising controlling a pressure within at least 
a majority of the pyrolysis zone, whej/ein the controlled pressure is at least about 2.0 bar 
absolute. 



992. The method of claim 972, further comprising: 

providing hydrogen (H2) fo the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolysis zone with heat from hydrogenation. 
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993. The method of claim 972, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater ^an about 100 
millidarcy. 

994. The method of claim 972, wherein allowing the heat to trahsfer comprises 
substantially uniformly increasing a permeability of a majority of the pyrolysis zone. 

995. The method of claim 972, further comprising controMing the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, ^fs measured by the Fischer 
Assay. 

996. An in situ method for heating a hydrocarbon ccmtaining formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation ywith an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a heat source zone in the formation; 

allowing the oxidizing gas to react with ai least a portion of the hydrocarbons at 
the heat source zone to generate heat in the heausource zone; and 

transferring the generated heat substantially by Conduction from the heat source 
zone to a pyrolysis zone in the formation. 

997. The method of claim 996, further copiprising transporting the oxidizing fluid 
through the heat source zone by diffusion. 

998. The method of claim 996, further cpmprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



999. The method of claim 996, further 
fluid with critical flow orifices of a conduct 
oxidation is controlled. 



c omprising controlling a flow of the oxidizing 
disposed in the opening such that a rate of 
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1000. The method of claim 996, wherein a conduit is disposed within the/opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. / 

1001 . The method of claim 996, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product froiir the formation through 
the conduit and transferring substantial heat from the oxidaticm product in the conduit to 
the oxidizing fluid in the conduit. / 

1002. The method of claim 996, wherein a conduit is d/sposed within the opening, the 
method further comprising removing an oxidation proauct from the formation through 
the conduit, wherein a flow rate of the oxidizing fluia in the conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

1003. The method of claim 996, wherein a conduit is disposed within the opening, the 
method ftirther comprising removing an oxidatipn product from the formation through 
the conduit and controlling a pressure between^ the oxidizing fluid and the oxidation 
product in the conduit to reduce contaminatidn of the oxidation product by the oxidizing 
fluid. / 

1004. The method of claim 996, whereiiy a center conduit is disposed within an outer 
conduit, and wherein the outer conduit i& disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product throughf the outer conduit. 

1005. The method of claim 996, wherein the heat source zone extends radially from the 
opening a width of less than approximately 0.15 m. 

1006. The method of claim 996, wnerein heating the portion comprises applying 
electrical current to an electric heater disposed within the opening. 
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1007. The method of claim 996, wherein the pyrolysis zone is substanti^ly adjacent to 
the heat source zone. 

1008. The method of claim 996, further comprising controlling a p/essure and a 
temperature within at least a majority of the pyrolysis zone of the formation, wherein the 
pressure is controlled as a function of temperature, or the tempe^ture is controlled as a 
function of pressure. 



10 



1009. The method of claim 996, further comprising controlling the heat such that an 
average heating rate of the pyrolysis zone is less than about 1 °C per day during pyrolysis. 
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1010. The method of claim 996, wherein allowing th^^heat to transfer comprises 
transferring heat substantially by conduction. 

1011. The method of claim 996, wherein allowing heat to transfer comprises heating the 
portion such that a thermal conductivity of at lea^ a portion of the pyrolysis zone is 
greater than about 0.5 W/(m °C). 

1012. The method of claim 996, further con^rising controlling a pressure within at least 
a majority of the pyrolysis zone, wherein th^controlled pressure is at least about 2.0 bar 
absolute. 



25 



1013. The method of claim 996, further/comprising: 

providing hydrogen (H2) to the pyrolysis zone to hydrogenate hydrocarbons 
within the pyrolysis zone; and 

heating a portion of the pyrolifsis zone with heat from hydrogenation. 



1014. The method of claim 996, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the pyrolysis zone to greater than about 100 
30 millidarcy. 
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1015. The method of claim 996, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the pyr^ysis zone. 

1016. The method of claim 996, further comprismg controlling the/neat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1017. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to ax least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation; ana 

maintaining an average temperature within the selected section above a minimum 
pyrolysis temperature and below a vaporization temperature of hydrocarbons having 
carbon numbers greater than 25 to inhibit production of a substantial amoimt of 
hydrocarbons having carbon numbers greater man 25 in the mixture. 

1018. The method of claim 1017, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocaroons within the selected section of the 
formation. / 

1019. The method of claim 1017, wherein maintaining the average temperature within 
the selected section comprises maintaining the temperature within a pyrolysis 
temperature range. / 

1 020. The method of claim 1017/ wherein the one or more heat sources comprise 
electrical heaters. I 
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1 02 1 . The method of claim 1017, 
surface burners. 



wherein the one or more 



feat sources comprise 



1022. The method of claim 1017, wherein the one of more heat sources comprise 
flameless distributed combustors. / 

1023. The method of claim 1017, wherein th^ one or more heat sources comprise natural 
distributed combustors. / 

1024. The method of claim 1017, wherdn the minimum pyrolysis temperature is greater 
than about 270 °C. / 

1025. The method of claim 1017, wherein the vaporization temperature is less than 
approximately 450 °C at atmospheric pressure. 

1026. The method of claim 10/7, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a/fimction of temperature, or the temperature is controlled as 
a function of pressure. / 

1027. The method of claim 1017, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1028. The method of claim 1017, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and 
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wherein heating energy/day provided to the volume is ecmal to or less than Pwr, 

wherein Pwr is calculated by the equation: / 
Pwr = h^V^C^'^pB / 
wherein Pwr is the heating energy/day, /? is an avemge heating rate of the 

formation, pe is formation bulk density, and wherein the lleating rate is less than about 10 

°C/day. / 

1 029. The method of claim 1017, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1 030. The method of claim 1017, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is grea/er than about 0.5 W/(m T). 

1 03 1 . The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of a( least about 25°. 

1 032. The method of claim 1017, whbrein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.l/% by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1033. The method of claim 1 0177 wherein the produced mixture comprises non- 
condensable hydrocarbons, and Wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1034. The method of claim 10117, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 L 
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1035. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1036. The method of claim 1017, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weignt, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1037. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % m weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfu/ 

1038. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weigM to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols/. 

1039. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1040. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 04 1 . The method of claim 4017, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein Ipss than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1042. The method of claim 1017, wherein the produced mixture comprises condensable 
hydrocarbons, and Wherein about 5 % by weight to about 30 % \^ weight of the 
condensable hydrocarbons are cycloalkanes. 

1 043 . The method of claim 1017, wherein the produced ihixture comprises a non- 
condensable component, wherein the non-condensable Component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than ^out 80 % by volume of the non- 
condensable component. 

1044. The method of claim 1017, wherein th^ produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weftght of the produced mixture is ammonia. 

1045. The method of claim 1017, whereip the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1046. The method of claim 1017, fimher comprising controlling a pressure within at 
least a majority of the selected sectiop of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1047. The method of claim 101 further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1048. The method of claim y047, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



1049. The method of clainA 1017, wherein controlling formation conditions comprises 
recirculating a portion of hvdrogen from the mixture into the formation. 

1 050. The method of clai tn 1 0 1 7, further comprising: 
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providing hydrogen (H2) to the heated section to ^drogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat fromyliydrogenation. 

1051. The method of claim 1017, wherein the procauced mixture comprises hydrogen 
and condensable hydrocarbons, the method furthe/ comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1 052. The method of claim 1017, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of th^ selected section to greater than about 100 
millidarcy. 

1 053 . The method of claim 1017, where(n allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 054. The method of claim 1017, furfher comprising controlling the heat to yield greater 
than about 60 % by weight of condei^able hydrocarbons, as measured by the Fischer 
Assay. 

1 055 . The method of claim 101 7/ wherein producing the mixture comprises producing 
the mixture in a production well. And wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 056. The method of claim 1017, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1 057. The method of clairii 1017, further comprising providing heat from three or more 
heat sources to at least a pdrtion of the formation, wherein three or more of the heat 
sources are located in the ibrmation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the 
over an area of the formation to form a repetitive pattern of units. / 



its are repeated 



1058. A method of treating a hydrocarbon containing formation in situ, comprismg: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more4ieat sources to a selected 
section of the formation; / 

controlling a pressure v^thin the formation to/nhibit production of hydrocarbons 
from the formation having carbon numbers greater man 25; and 

producing a mixture from the formation. / 

1059. The method of claim 1058, wherein the/one or more heat sources comprise at 
least two heat sources, and wherein superposijtion of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1060. The method of claim 1058, wherein the one or more heat sources comprise 
electrical heaters. / 

1061 . The method of claim 1058, wherein the one or more heat sources comprise 
surface burners. / 

1062. The method of claim 105 8 /wherein the one or more heat sources comprise 
flameless distributed combustors/ 

1063. The method of claim 1058, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1064. The method of claim 11)58, ftirther comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

1065. The method of claim 1064, wherein controlling the temperature comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

1066. The method of claim 1058, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1067. The method of claim 1058, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the/nydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = h^V'^Cy'^pB / 

wherein Pwr is the heating/energy/day, his an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1068. The method of claim y058, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1069. The method of claim 1058, wherein providing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m °C). 
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1070. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

1071. The method of claim 1058, wherein the produced mixture jMmprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1072. The method of claim 1058, wherein the produced/mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % b/ weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. / 

1073. The method of claim 1058, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0./ 5, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . / 

1074. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons m nitrogen. 

1075. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1076. The method of claim 1058iwherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1077. The method of claim 1038, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
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hydrocarbons comprise oxygen containing compounds, and wher/in the oxygen 
containing compounds comprise phenols. 

1078. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1079. The method of claim 1058, wherein the produofed mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1080. The method of claim 1058, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 fo by weight of the condensable 
hydrocarbons are asphaltenes. 

1081. The method of claim 1058, whereinylhe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by yeight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkarifes. 

1082. The method of claim 1058, wherein the produced mixture comprises a non- 
condensable component, wherein the nfon-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrog^ is less than about 80 % by volume of the non- 
condensable component. 

1083. The method of claim 1 058,/wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1 084. The method of claim 1 05 
and wherein the ammonia is usee 



, wherein the produced mixture comprises ammonia, 
to produce fertilizer. 
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1085. The method of claim 1058, further comprising controlling the nressure within at 
least a majority of the selected section of the formation, wherein the/ontroUed pressure 
is at least about 2.0 bar absolute. / 

1086. The method of claim 1058, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

1087. The method of claim 1086, wherein the partial pressure of H2 is measured when 
the mixture is at a production well. / 

1088. The method of claim 1058, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1089. The method of claim 1058, furthe/ comprising: 

providing hydrogen (H2) to the l/eated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1090. The method of claim 105&; wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, me method ftirther comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1091. The method of claim 1058, wherein allowing the heat to transfer comprises 
increasing a permeability of/a majority of the selected section to greater than about 100 
millidarcy. / 

1092. The method of clajfm 1058, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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1093. The method of claim 1058, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measure/! by the Fischer 
Assay. 

1094. The method of claim 1058, wherein producing the mix1?ure comprises producing 
the mixture in a production well, and wherein at least about / heat sources are disposed in 
the formation for each production well. 

1095. The method of claim 1058, further comprising tfroviding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of he^ sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1096. The method of claim 1058, further cotAprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a umt of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ami wherein a plurality of the units are repeated 
over an area of the formation to form a Repetitive pattern of units. 

1097. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or ijhore heat sources to at least a portion of the 

formation; 

allowdng the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture frofm the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 



1098. The method of claim 1097, wherein the one or more heat sources comprise at 
least two heat sources, anq wherein superposition of heat from at least the two heat 
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sources pyrolyzes at least some hydrocarbons within the selected sectijm of the 
formation. 

1099. The method of claim 1097, wherein the one or more he^ sources comprise 
electrical heaters. 

11 00. The method of claim 1097, wherein the one or m/re heat sources comprise 
surface burners, 

1101. The method of claim 1 097, wherein the on9^ or more heat sources comprise 
flameless distributed combustors. 

11 02. The method of claim 1097, wherein tl^ one or more heat sources comprise natural 
distributed combustors. 

1 1 03 . The method of claim 1 097, furthe^ comprising controlling a pressure and a 
temperature within at least a majority ofyfhe selected section of the formation, wherein 
the pressure is controlled as a function pi temperature, or the temperature is controlled as 
a function of pressure. 

1 104. The method of claim 1097, vykerein controlling the temperature comprises 
maintaining the temperature withii/ the selected section within a pyrolysis temperature 
range. 

1 105. The method of claim 1097, further comprising controlling the heat such that an 
average heating rate of the sele</ted section is less than about 1 °C per day during 
pyrolysis. 



1 106. The method of claim 1097, wherein providing heat from the one or more heat 



sources to at least the portion 



3f formation comprises: 
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heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average hesft capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons withiij/the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume )6 equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, h is an/average heating rate of the 
formation, Pb is formation bulk density, and wherei^r the heating rate is less than about 10 
°C/day. 

1 107. The method of claim 1097, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 108. The method of claim 1097, wherein providing heat from the one or more heat 
sources comprises heating the selected foraiation such that a thermal conductivity of at 
least a portion of the selected section is ffreater than about 0.5 W/(m °C). 

1 109. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1110. The method of claim 1097, Avherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 6. 1 % by weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. 

1111. The method of claim 1097, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 



1112. The method of claim 11097, wherein the produced mixture comprises non- 
condensable hydrocarbons, w lerein a molar ratio of ethene to ethane in the non- 
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condensable hydrocarbons is less than about 0.15, and wherein the ratio of ethene to 
ethane is greater than about 0.00 1 . /. 

1113. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weflght, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen./ 

1114. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1115. The method of claim 1097, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons^is sulfur. 

1116. The method of claim 1 097, wTierein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1117. The method of claim 1 Q97, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1118. The method of claim 1 097, wherein the produced mixture comprises condensable 
hydrocarbons, and whereim less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1119. The method of claim 1097, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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1 120. The method of claim 1097, wherein the produced mixture comnrises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by w^ght of the 
condensable hydrocarbons are cycloalkanes. 

1121. The method of claim 1097, wherein the produced mixtifre composes a non- 
condensable component, wherein the non-condensable comnonent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volumje of the non-condensable 
component, and wherein the hydrogen is less than about ^0 % by volume of the non- 
condensable component. 

1 122. The method of claim 1097, wherein the produced mixture comprises airmionia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 123. The method of claim 1097, wherein the Produced mixture comprises ammonia, 
and wherein the annutnonia is used to produce fertilizer. 

1 124. The method of claim 1097, further aomprising controlling a pressure within at 
least a majority of the selected section of pe formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 125. The method of claim 1097, furfher comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1 126. The method of claim 1 125ywherein the partial pressure of H2 is measured when 
the mixture is at a production well. 



109^ 



1127. The method of claim 
formation to inhibit production 6 
numbers greater than about 25. 



further comprising altering a pressure within the 
'hydrocarbons from the formation having carbon 
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1 128. The method of claim 1097, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the forn^tion. 



1 129. The method of claim 1097, further comprising: 
providing hydrogen (H2) to the heated section to hyc^^ogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hySrogenation. 

1 130. The method of claim 1097, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



1131. The method of claim 1 097, wherein aUowing the heat to transfer comprises 
increasing a permeability of a majority of th/ selected section to greater than about 100 
millidarcy. 

1 132. The method of claim 1097, wher^^in allowing the heat to transfer comprises 
substantially uniformly increasing a pej/meability of a majority of the selected section. 

1 133. The method of claim 1097, farther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1 134. The method of claim 1097, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



1135. The method of clainV 1 097, ftirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and whereinyflie unit of heat 
sources comprises a triangular pattern. / 

1 136. The method of claim 1097, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three px more of the heat 
sources are located in the formation in a unit of heat sources, ymerein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1137. A method of treating a hydrocarbon containingf formation in situ, comprising: 
heating a section of the formation to a pyrolysis temperature from at least a first 

heat source, a second heat source and a third heat source, and wherein the first heat 
source, the second heat source and the third heat ysource are located along a perimeter of 
the section; / 

controlling heat input to the first heat rource, the second heat source and the third 
heat source to limit a heating rate of the section to a rate configured to produce a mixture 
firom the formation with an olefin conteiit of less than about 15% by weight of 
condensable fluids (on a dry basis) within the produced mixture; and 

producing the mixture from the formation through a production well. 

1138. The method of claim 1137, wherein superposition of heat form the first heat 
source, second heat source, and thirfl heat source pyrolyzes a portion of the hydrocarbons 
within the formation to fluids / 

1 139. The method of claim 1 13^, wherein the pyrolysis temperature is between about 
270 °C and about 400 °C. / 

1 140. The method of claim lA37, wherein the first heat source is operated for less than 
about twenty four hours a dav. 
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1141. The method of claim 1137, wherein the first heat source comprises an electrical 
heater. / 

1 142. The method of claim 1 137, wherein the first heat source^omprises a surface 
burner. / 

1 143. The method of claim 1137, wherein the first heat source comprises a flameless 
distributed combustor. / 

1 144. The method of claim 1137, wherein the first heat source, second heat source and 
third heat source are positioned substantially at ape^xes of an equilateral triangle. 

1 145. The method of claim 1 137, wherein the production well is located substantially at 
a geometrical center of the first heat source, second heat source, and third heat source. 

1 146. The method of claim 1137, further comprising a fourth heat source, fifth heat 
source, and sixth heat source located along the perimeter of the section. 

1 147. The method of claim 1 146, wherein the heat sources are located substantially at 
apexes of a regular hexagon. / 

1 148. The method of claim 1 147,ywherein the production well is located substantially at 
a center of the hexagon. 

1 1 49. The method of claim 
temperature within at least a 
pressure is controlled as a fii 
fiinction of pressure. 



1 1^7, fiirther comprising controlling a pressure and a 
ajority of the section of the formation, wherein the 
btion of temperature, or the temperature is controlled as a 
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1 1 50. The method of claim 1137, wherein controlling the temperature comprises 
maintaining the temperature within the selected section within a pyrolysis temperature 
range. / 

1151. The method of claim 1137, further comprising controfling the heat such that an 
average heating rate of the section is less than about 3 ^'C ner day during pyrolysis. 

1 1 52. The method of claim 1137, further comprising Controlling the heat such that an 
average heating rate of the section is less than about / °C per day during pyrolysis. 

1153. The method of claim 1137, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1 154. The method of claim 1 137, wherein heating the section of the formation 
comprises transferring heat substantially by conduction. 

1155. The method of claim 1137, wherein providing heat from the one or more heat 
sources comprises heating the section such that a thermal conductivity of at least a 
portion of the section is greater than about 0.5 W/(m **C). 
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1156. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

1 157. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. / 

1158. The method of claim 1137, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of erhene to ethane in the non- 
condensable hydrocarbons is less than about 0. 15, and wherein the ratio of ethene to 
ethane is greater than about 0.001 . / 

1 159. The method of claim 1 137, wherein thfi( produced mixture comprises condensable 
hydrocarbons, and wherein less than about l/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is mtrogen. 

1 160. The method of claim 11 3 7, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1161. The method of claim 1 137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 1 62. The method of clainy 1137, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compoimds, and wherein the oxygen 
containing compounds comprise phenols. 
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1 163. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1 164. The method of claim 1137, wherein the produced mixture /omprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the^ondensable 
hydrocarbons comprises multi-ring aromatics with more than nvo rings. 

1 165. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 166. The method of claim 1137, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight tor about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 1 67. The method of claim 1137, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about VO % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1 168. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1 169. The method of claim 1137, wherein the produced mixture comprises ammonia, 
and wherein the anmionia is used tp produce fertilizer. 

1 170. The method of claim 1137, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute J 
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produce a mixture of condensable hydrocarbons and H2, wherein a partial^ressure of H2 
within the mixture is greater than about 0.5 bar. / 

1 1 72. The method of claim 1171, wherein the partial pressure of H/is measured when 
the mixture is at a production well. / 

1 173. The method of claim 1 137, further comprising altering a/pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1 174. The method of claim 1 137, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

1175. The method of claim 1137, fiirther comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat ftom hydrogenation. 

1 1 76. The method of claim 1137, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons vnth at least a portion of the produced hydrogen. 

1 177. The method of claim 1 137, heating the section comprises increasing a 
permeability of a majority of the sectionAo greater than about 100 millidarcy. 

1 178. The method of claim 1 137, wherein heating the section comprises substantially 
uniformly increasing a permeability of a majority of the section. 
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1 179. The method of claim 1137, further comprising controlling the iieat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measu;?ed by the Fischer 
Assay. / 

1 1 80. The method of claim 1137, wherein producing the imxture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1181. The method of claim 1137, further comprisi^ig providing heat from three or more 
heat sources to at least a portion of the formation, /wherein three or more of the heat 
sources are located in the formation in a unit of Meat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 182. The method of claim 1137, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a umt of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1 1 83. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture frony the formation, wherein the produced mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condeisable hydrocarbons is nitrogen. 

1 1 84. The method of claim 1 1 f 3 , wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 

i 
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sources pyrolyzes at least some hydrocarbons within the selected sectioh of the 
formation. / 

1185. The method of claim 1 1 83, wherein the one or more heat/sources comprise 
electrical heaters. / 

1 1 86. The method of claim 1 1 83, wherein the one or more heat sources comprise 
surface bumers. / 

1 1 87. The method of claim 1 1 83, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1188. The method of claim 1183, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1 1 89. The method of claim 1 1 83, further comprising controlling a pressure and a 
temperature within at least a majority of me selected section of the formation, wherein 
the pressure is controlled as a function <fi temperature, or the temperature is controlled as 
a function of pressure. 

1190. The method of claim 1 1 89, 
maintaining the temperature withijii 
range. 

1191. The method of claim 1 
average heating rate of the seli 
pyrolysis. / 

1 1 92. The method of claim 1183, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 



/herein controlling the temperature comprises 
the selected section within a pyrolysis temperature 



f 83, fiirther comprising controlling the heat such that an 
scted section is less than about 1 ^'C per day during 
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heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the^elected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is e/ual to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

?>vr = A*F*Cv*/?fi / 

wherein Pwr is the heating energy/day, his an awrage heating rate of the 

formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. / 

1 193. The method of claim 1 1 83, wherein allov^g the heat to transfer comprises 
transferring heat substantially by conduction. / 

1 194. The method of claim 11 83, wherein p/oviding heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater than about 0.5 W/(m ^'C). 

1 195. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of/at least about 25°. 

1 1 96. The method of claim 1 1 83, wnerein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefms. 

1 1 97. The method of claim 1 1 83f, wherein the produced mixture comprises non- 
condensable hydroceirbons, and wherein about 0.1 % by weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1 1 98. The method of claim 1183, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 



444 



Conley, Rose & Tayon, P.C. 



condensable hydrocarbons is less than about 0.15, and wherein tl)6 ratio of ethene to 

ethane is greater than about 0.001. 
« 

1 199. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weigh^ when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1200. The method of claim 1 183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by jiveight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1201 . The method of claim 1 1 83, wherein the^produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing (^mpounds, and wherein the oxygen 
containing compounds comprise phenols. 

1202. The method of claim 1183, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater thary about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds 

1203. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1204. The method of claim 1 1 83, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



1205. The method of claim 1 83, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein 



condensable hydrocarbons are cycloalkanes 



)out 5 % by weight to about 30 % by weight of the 
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1 206. The method of claim 1 1 83, wherein the produced mixture compmses a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the Fion-condensable 
component, and wherein the hydrogen is less than about 80 % bVvolume of the non- 
condensable component. / 

1 207. The method of claim 1183, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of thcyproduced mixture is ammonia. 

1208. The method of claim 1 1 83, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 209. The method of claim 1183, further comnrising controlling a pressure within at 
least a majority of the selected section of the fc/rmation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1210. The method of claim 1 183, furtheryfcomprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1211. The method of claim 1211, wnerein the partial pressure of H2 is measured when 
the mixture is at a production well. / 

1212. The method of claim 1183 
formation to inhibit production ofn 
numbers greater than about 25. / 

1213. The method of claim 1 1 fe3 , wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 
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ler comprising altering a pressure within the 
lydrocarbons from the formation having carbon 



/ 



1214. The method of claim 1 183, further comprising: / 
providing hydrogen (H2) to the heated section to hydrogenate/hydrocarbons 

within the section; and / 
heating a portion of the section with heat from hydrogenaiion. 

1215. The method of claim 1183, wherein the produced mipure comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a pcrtion of the produced hydrogen. 

1216. The method of claim 1 183, wherein allowing me heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1217. The method of claim 1 183, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeabiWty of a majority of the selected section. 

1218. The method of claim 1183, further obmprising controlling the heat to yield greater 
than about 60 % by weight of condensable^ hydrocarbons, as measured by the Fischer 
Assay. / 

1219. The method of claim 1 183, whelrein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production we((l. 

1220. The method of claim 1 183, nirther comprising providing heat from three or more 
heat sources to at least a portion of/the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pat em. 

1221 . The method of claim 1 183, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 

\ 
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sources are located in the formation in a unit of heat sources, wherein the 
sources comprises a triangular pattern, and wherein a plurality of the unit; 
over an area of the formation to form a repetitive pattern of units. / 



imt of heat 
are repeated 



1222. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at leasm portion of the 

formation; / 

allowing the heat to transfer from the one or more h^at sources to a selected 

section of the formation; and / 

producing a mixture from the formation, wherein the produced mixture comprises 

condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 

on an atomic basis, of the condensable hydrocarbonsAs oxygen. 

1223. The method of claim 1222, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. ' / 

1224. The method of claim 1222, wherein the one or more heat sources comprise 
electrical heaters. / 

1225. The method of claim 1222, wherein the one or more heat sources comprise 
surface bumers. / 

1226. The method of claim 1222, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1227. The method of claim 1222, wherein the one or more heat sources comprise natural 
distributed combustors. / 
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1228. The method of claim 1222, further comprising controlling a/pressure and a 
temperature within at least a majority of the selected section of ib^ formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1229. The method of claim 1228, wherein controlling the temperature comprises 
maintaining the temperature within the selected section/within a pyrolysis temperature 
range. / 

1230. The method of claim 1222, further compri^ng controlling the heat such that an 
average heating rate of the selected section is les6 than about 1 °C per day during 
pyrolysis. / 

123 1 . The method of claim 1222, wherein providing heat from the one or more heat 
sources to at least the portion of formation/comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = hWCy'^pB / 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, ps is formation bulk pensity, and wherein the heating rate is less than about 10 
. °C/day. 

1 232. The method of claim 
transferring heat substantial^ 



1222, wherein allowing the heat to transfer comprises 
by conduction. 
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1233. The method of claim 1222, wherein providing heat from the one or more^eat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). / 



1234. The method of claim 1222, v^herein the produced mixture com^ses condensable 
hydrocarbons having an API gravity of at least about 25°. 

1235. The method of claim 1222, wherein the produced mixtinfe comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 7 % by weight of the 
condensable hydrocarbons are olefins. 

1236. The method of claim 1222, wherein the producea mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % hj/ weight to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

1237. The method of claim 1222, wherein the pr(i(duced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about O.p, and wherein the ratio of ethene to 
ethane is greater than about 0.001. 

1238. The method of claim 1 222, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than about A % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1239. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1240. The method of claim 1222, vwierein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. 
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1241. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight o/ the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein me oxygen 
containing compounds comprise phenols. / 

1242. The method of clEiim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight/of the condensable 
hydrocarbons are aromatic compounds. / 

1243. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weignt of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1244. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. . / 

1245. The method of claim 1222, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by wei^t to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1246. The method of claim 1222, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogenyis less than about 80 % by volume of the non- 
condensable component. 

1247. The method of claim 1222, 
and wherein greater than about 0.0: 

I 
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/herein the produced mixture comprises ammonia, 
% by weight of the produced mixture is ammonia. 



1248. The method of claim 1222, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1249. The method of claun 1222, further comprising controlling a pres^e within at 
least a majority of the selected section of the formation, wherein the cjmtrolled pressure 
is at least about 2.0 bar absolute. 

1250. The method of claim 1222, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

1251. The method of claim 1250, wherein the partial pr/ssure of H2 is measured when 
the mixture is at a production well. 

1252. The method of claim 1222, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons fr^m the formation having carbon 
numbers greater than about 25. 

1253. The method of claim 1222, wherein contoUing formation conditions comprises 
recirculating a portion of hydrogen from the niixture into the formation. 

1254. The method of claim 1222, further comprising: 
providing hydrogen (H2) to the heapd section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

1255. The method of claim 1222, -whaccin the produced mixture comprises hydrogen 
and condensable hydrocarbons, the mdthod further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



452 



Conley, Rose & Tayon, P C. 



1256. The method of claim 1222, wherein allowing the heat to transfer comprises 
increasing a permeabtility of a majority of the selected section to grea^r than about 100 
milHdarcy. 

1257. The method of claim 1222, wherein allowing the heat toiransfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1258. The method of claim 1222, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons/as measured by the Fischer 
Assay. 

1259. The method of claim 1222, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at le^st about 7 heat sources are disposed in 
the formation for each production well. 

1260. The method of claim 1222, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit /)f heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1 26 1 . The method of claim 1 222, furthei/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem,/and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1262. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or pore heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and 



V 
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producing a mixture from the formation, wherein the produced mixturexomprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, wh^ calculated 
on an atomic basis, of the condensable hydrocarbons is sulfur. 

1263. The method of claim 1262, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected/section of the 
formation. 

1264. The method of claim 1262, wherein the one or mor^/^heat sources comprise 
electrical heaters. 

1265. The method of claim 1262, wherein the one or ^ore heat sources comprise 
surface burners. 

1266. The method of claim 1262, wherein the on^ or more heat sources comprise 
flameless distributed combustors. 

1267. The method of claim 1262, wherein the/one or more heat sources comprise natural 
distributed combustors. 

1268. The method of claim 1262, further c/^mprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fimction of yemperature, or the temperature is controlled as 
a fimction of pressure. 



1269. The method of claim 1268, wherein controlling the temperature comprises 



maintaining the temperature within the 
range. 



selected section within a pyrolysis temperature 
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1270. The method of claim 1262, further comprising controlling the heat into such that 
an average heating rate of the selected section is less than about 1 °C per aay during 
pyrolysis. / 

127L The method of claim 1262, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average neat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarbons withm the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: / 

Pwr = h'^V'^Cy'^pB I 

wherein Pwr is the heating energy/day, A is an average heating rate of the 
formation, is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. . / 

1272. The method of claim 1262, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1273. The method of claim 1262, wherein provuiing heat from the one or more heat 
sources comprises heating the selected formation such that a thermal conductivity of at 
least a portion of the selected section is greater man about 0.5 W/(m °C). 

1274. The method of claim 1262, wherein thfe produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1275. The method of claim 1262, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by/ weight to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. | 
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1276. The method of claim 1262, wherein the produced mixture comprise$ non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about p % by weight 
of the non-condensable hydrocarbons are olefins. 

5 1277. The method of claim 1262, wherein the produced mixture comprises non- 
condensable hydrocarbons, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is less than about 0.15, and whereiiythe ratio of ethene to 
ethane is greater than about 0.001 . 

10 1278. The method of claim 1 262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weig]lt, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



O 

n. 



1279. The method of claim 1262, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % b)y weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is oxyger 

1280. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxygen containing Compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



128 1 . The method of claim 1262, wherdin the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds./ 



30 



1282. The method of claim 1262, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein less than al 



hydrocarbons comprises multi-ring aiomatics with more than two rings 



)out 5 % by weight of the condensable 
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1283. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1284. The method of claim 1262, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 3j0 % by weight of the 
condensable hydrocarbons are cycloalkanes, 

1285. The method of claim 1262, wherein the producesd mixture comprises a non- 
condensable component, wherein the non-condensablp component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by yvolume of the non-condensable 
component, and wherein the hydrogen is less than pout 80 % by volume of the non- 
condensable component. 

1286. The method of claim 1262, wherein theyproduced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1287. The method of claim 1262, wherein the produced mixture comprises ammonia, 
and wherein the anamonia is used to produce fertilizer. 

1288. The method of claim 1262, furthet comprising controlling a pressure within at 
least a majority of the selected section o^ the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



1289. The method of claim 1262, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than abiut 0.5 bar. 

1290. The method of claim 1289, ^herein the partial pressure of H2 is measured when 
the mixture is at a production well. 
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1291 . The method of claim 1262, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation hping carbon 
numbers greater than about 25. 

1292. The method of claim 1262, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the prmation. 

1293. The method of claim 1262, further comprising: 
providing hydrogen (H2) to the heated section to Mydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat fronWhydrogenation. 

1294. The method of claim 1262, wherein the proauced mixture comprises hydrogen 
and condensable hydrocarbons, the method fiirthei/ comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

1295. The method of claim 1262, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of theyselected section to greater than about 100 
millidarcy. 

1296. The method of claim 1262, whereii/l allowing the heat to transfer comprises 
substantially imiformly increasing a permeability of a majority of the selected section. 

1297. The method of claim 1262, furthbr comprising controlling the heat to yield greater 
than about 60 % by weight of condens^le hydrocarbons, as measured by the Fischer 
Assay. 



1298. The method of claim 1262, wherein producing the mixture comprises producing 
the mixture in a production well, and/ wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1299. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three/or more of the heat 
sources are located in the formation in a unit of heat sources, auid wherein the unit of heat 
sources comprises a triangular pattern. / 

1300. The method of claim 1262, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat isources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein/a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1301. A method of treating a hydrocarbon containing formation in situ, comprising: 
raising a temperature of a first section/of the formation with one or more heat 

sources to a first pyrolysis temperature; / 

heating the first section to an uppeypyrolysis temperature, wherein heat is 
supplied to the first section at a rate configured to inhibit olefin production; 

producing a first mixture from the formation, wherein the first mixture comprises 
condensable hydrocarbons and H2; / 

creating a second mixture from the first mixture, wherein the second mixture 
comprises a higher concentration of H2 than the first mixture; 

raising a temperature of a second section of the formation with one or more heat 
sources to a second pyrolysis temnerature; 

providing a portion of the second mixture to the second section; 

heating the second section to an upper pyrolysis temperature, wherein heat is 
supplied to the second section ac a rate configured to inhibit olefin production; and 

producing a third mixtiJre from the second section. 

1302. The method of claim 1301, wherein creating the second mixture comprises 
removing condensable hydrocarbons from the first mixture. 
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1303. The method of claim 1301, wherein creating the second mixture comprises 
removing water from the first mixture. 

1304. The method of claim 1301, wherein creating the secon</ mixture comprises 
removing carbon dioxide from the first mixture. 

1305. The method of claim 1301, wherein the first pyroly^sis temperature is greater than 
about 270 °C. 

1306. The method of claim 1301, wherein the secon^pyrolysis temperature is greater 
than about 270 °C. 

1307. The method of claim 1301, wherein the up^er pyrolysis temperature is about 500 
°C. 

1308. The method of claim 1301, wherein thJ one or more heat sources comprise at 
least two heat sources, and wherein superposuion of heat from at least the two heat 
sources pyrolyzes at least some hydrocarboi^ within the first or second selected section 
of the formation. 

1309. The method of claim 1301, wherejii the one or more heat sources comprise 
electrical heaters. 

1310. The method of claim 1301, wh^ein the one or more heat sources comprise 
surface burners. 



1311. The method of claim 1301, wperein the one or more heat sources comprise 
flameless distributed combustors. 

1312. The method of claim 1301, \^herein the one or more heat sources comprise natural 
distributed combustors. 
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1313. The method of claim 1301, further comprising controlling a pressdre and a 
temperature within at least a majority of the first section and the secona section of the 
formation, wherein the pressure is controlled as a function of temperature, or the 
temperature is controlled as a function of pressure. / 

1314. The method of claim 1301, further comprising controllirig the heat to the first and 
second sections such that an average heating rate of the first and second sections is less 
than about 1 °C per day during pyrolysis. / 

1315. The method of claim 1301, wherein heating the first and the second sections 
comprises: / 

heating a selected volume iV)of the hydrocarbon containing formation fi-om the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocayoons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

wherein Pwr is the heating energy/day, « is an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1316. The method of claim 1301, whereinmeating the first and second sections 
comprises transferring heat substantially by conduction. 

1317. The method of claim 1301, wherein heating the first and second sections 
comprises heating the first and second sections such that a thermal conductivity of at least 
a portion of the first and second sections is greater than about 0.5 W/(m °C). 
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1318. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25r. 

1319. The method of claim 1301, wherein the first or third mixtdre comprises 
condensable hydrocarbons, and wherein about 0.1 % by weigh/to about 15 % by weight 
of the condensable hydrocarbons are olefms. / 

1 320. The method of claim 1301, wherein the first or third mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio oi ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 ta about 0.15. 

1321. The method of claim 1301, wherein the first/ or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is nitrogen. 

1322. The method of claim 1301 , wherein thJfirst or third mixture comprises 
condensable hydrocarbons, and wherein less man about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygen. 

1323. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons is sulfiir. 

1 324. The method of claim 1301, whenein the first or third mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

1325. The method of claim 1301, wl erein the first or third mixture comprises 
condensable hydrocarbons, and where in greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 
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1 326. TTie method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by wei^t of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

1 327. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein less than about 0.3 Vdhy weight of the 
condensable hydrocarbons are asphaltenes. / 

1328. The method of claim 1301, wherein the first or third mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. / 

1329. The method of claim 1301, wherein the first or third mixture comprises a non- 
condensable component, and wherein the non-condjfcnsable component comprises 
hydrogen, and wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable component and wherein the hydrogep is less than about 80 % by volume of 
the non-condensable component. 

1330. The method of claim 1301, wherein the 
and wherein greater than about 0.05 % by wei^ 

1331. The method of claim 1301, wherein 
and wherein the ammonia is used to produce 

1332. The method of claim 1301, further 
least a majority of the first or second secti( 
pressure is at least about 2.0 bar absolute./ 



irst or third mixture comprises ammonia, 
[it of the produced mixture is ammonia. 



ie first or third mixture comprises anmionia, 
f fertilizer. 



f omprising controlling a pressure within at 
ins of the formation, wherein the controlled 
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1 333. The method of claim 1301, further comprising controlling formationyfconditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. / 

1334. The method of claim 1333, wherein the partial pressure of Hywithin a mixture is 
measured when the mixture is at a production well. / 

1335. The method of claim 1301, further comprising altering aypressure within the 
fomiation to inhibit production of hydrocarbons from the fomiation having carbon 
numbers greater than about 25. / 

1336. The method of claim 1301, further comprising: / 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; and / 

heating a portion of the first or second section with heat from hydrogenation. 

1337. The method of claim 1301, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1338. The method of claim 1301, further comprising increasing a permeability of a 
majority of the first or second section to greater than about 100 millidarcy. 

1339. The method of claim 1301, further comprising substantially uniformly increasing 
a permeability of a majority of the first or second section. 

1340. The method of claim 1301, wherein the heating is controlled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 
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1341. The method of claim 1301, wherein producing the first or third mixture comprises 
producing the first of third mixture in a production well, and wherein at least about 7 heat 
sources are disposed in the formation for each production well. / 

1342. The method of claim 1301, further comprising providing heaft from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, arm wherein the unit of heat 
sources comprises a triangular pattern, / 

1343. The method of claim 1301 , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein ihree or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a pmrality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1344. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

. formation; / 

allowing the heat to transfer from the on* or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation; and 

hydrogenating a portion of the produced mixture with H2 produced from the 
formation. / 

1345. The method of claim 1344, wherem the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1346. The method of claim 1344, fiirther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1347. The method of claim 1344, wherein the one or more heat sources comprise 
electrical heaters. / 

1348. The method of claim 1344, wherein the one or more heat Purees comprise 
surface burners. / 

1349. The method of claim 1344, wherein the one or more/neat sources comprise 
flameless distributed combustors. / 

1350. The method of claim 1344, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1351. The method of claim 1 344, further compris/ing controlling a pressure and a 
temperature within at least a majority of the selecfted section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1352. The method of claim 1344, further obmprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1353. The method of claim 1344, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (0 of the hydrocarbon containing formation from the 
one or more heat sources, wherein ihe formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/nay provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = hW^Cv^'ps 
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wherein Pwr is the heating energy/day, A is an average heating4ate of the 
formation, pg is formation bulk density, and wherein the heating ra^is less than about 10 
^C/day. 



1354. The method of claim 1344, wherein allowing the he^to transfer comprises 
transferring heat substantially by conduction. 

1355. The method of claim 1344, wherein providing neat from the one or more heat 
sources comprises heating the selected section such mat a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1356. The method of claim 1 344, wherein the yproduced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1357. The method of claim 1344, wherein/the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % hf weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1358. The method of claim 1344, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherjein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges finbm about 0.001 to about 0.15. 

1359. The method of claim 134% wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 



1360. The method of claim 1B44, wherein the produced mixture comprises condensable 



hydrocarbons, and wherein le: 
basis, of the condensable hyd 



s than about 1 % by weight, when calculated on an atomic 
ocarbons is oxygen. 
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1361. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 



1362. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30^% by weight of the condensable 
hydrocarbons comprise oxygen containing compoun^, and wherein the oxygen 
containing compounds comprise phenols. 

1363. The method of claim 1344, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein greater than abou/20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1364. The method of claim 1344, whei^in the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1365. The method of claim 1344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/han about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1 366. The method of claim 1 344, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1367. The method of claim 1344, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and where n the hydrogen is less than about 80 % by volume of the non- 
condensable componer t. 
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1368. The method of claim 1344, wherein the produced mixture comimses armnonia, 
and wherein greater than about 0.05 % by weight of the produced mimire is ammonia. 

1369. The method of claim 1344, wherein the produced mixtur^omprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1370. The method of claim 1344, further comprising contE6lling a pressure within at 
least a majority of the selected section of the formation, vynerein the controlled pressure 
is at least about 2.0 bar absolute. 

1371 . The method of claim 1344, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of p.2 within the mixture is greater than 
about 0.5 bar. 



|k 15 1372. The method of claim 1344, wherein the partial pressure of H2 within the mixture 

/ 

is measured when the mixture is at a production well. 



1373. The method of claim 1344, furtherycomprising altering a pressure within the 
formation to inhibit production of hydroc^bons from the formation having carbon 
20 numbers greater than about 25. 



25 



1374. The method of claim 1344, further comprising: 

providing hydrogen (H2) to t|le heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sedion with heat from hydrogenation. 



30 



1375. The method of claim 134ft, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 
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1376. The method of claim 1344, wherein allowing the heat to transfer (Emprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1377. The method of claim 1344, further comprising controlling/the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as m^sured by the Fischer 
Assay. 

1378. The method of claim 1344, wherein producing th& mixture comprises producing 
the mixture in a production well, and wherein at least apout 7 heat sources are disposed in 
the formation for each production well. 

1379. The method of claim 1344, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit o/heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 



1380. The method of claim 1344, furthey comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to formf a repetitive pattern of units. 

1381. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of thk formation; 

producing H2 from the first section of formation; 
heating a second section of the formation; and 

recirculating a portion of the H2 from the first section into the second section of 
the formation to provide a redupng environment within the second section of the 
formation. 



\ 
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1382. The method of claim 1381, wherein heating the first section or heating/the second 
section comprises heating with an electrical heater. 

1383. The method of claim 1381, wherein heating the first section or jafeating the second 
section comprises heating with a surface burner. 

1384. The method of claim 1381, wherein heating the first section or heating the second 
section comprises heating with a flameless distributed combusxor. 

1385. The method of claim 1381, wherein heating the fir/t section or heating the second 
section comprises heating with a natural distributed conibustor. 

1 3 86. The method of claim 1381, further comprising controlling a pressure and a 
temperature within at least a majority of the first oriecond section of the formation, 
wherein the pressure is controlled as a function ofyiemperature, or the temperature is 
controlled as a function of pressure. 

1387. The method of claim 1381, further con/prising controlling the heat such that an 
average heating rate of the first or second section is less than about 1 °C per day during 
pyrolysis. 



1388. The method of claim 1381, wherepi heating the first section or heating the second 
section further comprises: 

heating a selected volume (V)o^ the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at leas^some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day Provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
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wherein Pwr is the heating energy/day, /i is an average hewing rate of the 
formation, pa is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 389. The method of claim 1381, wherein heating the fi/st section or heating the second 
section comprises transferring heat substantially by coimuction. 

1390. The method of claim 1381, wherein heating trie first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section is greater thsm about 0.5 W/(m °C). 

1 3 9 L The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixtur^ comprises condensable hydrocarbons 
having an API gravity of at least about 25*" 

1392. The method of claim 1381, furthet comprising producing a mixture from the 
second section, wherein the produced niixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to aboi^ 15 % by weight of the condensable hydrocarbons 
are olefins. 

1 393 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises non-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to abouuO.15. 



1 394. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



\ 
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1395. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hyjirocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic t^sis, of the 
condensable hydrocarbons is oxygen. / 

1 396. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated oi/an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

1 397. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by w/ight of the condensable hydrocarbons 
comprise oxygen containing compounds, and wHerein the oxygen containing compounds 
comprise phenols. / 

1398. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixmre comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weimt of the condensable hydrocarbons are aromatic 
compounds. / 

1 399. The method of claim 1381, funher comprising producing a mixture from the 
second section, wherein the producecy mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weidnt of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two mngs. 

1 400. The method of claim 1381 i further comprising producing a mixture from the 
second section, wherein the produ ced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 
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1 40 1 . The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the cj/ndensable hydrocarbons 
are cycloalkanes. 

1402. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises/a non-condensable component, 
wherein the non-condensable component comprises hvarogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the mon-condensable component. 

1403. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixture comprises ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

1404. The method of claim 1381, further comprising producing a mixture from the 
second section, wherein the produced mixtpe comprises ammonia, and wherein the 
ammonia is used to produce fertilizer. 

1405. The method of claim 1381, furthfer comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

1 406. The method of claim 1381, mrther comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



1407. The method of claim 140 
measured when the mixture is at 



, wherein the partial pressure of H2 within a mixture is 
a production well. 
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1408. The method of claim 1381, further comprising altering a prMSure within the 
formation to inhibit production of hydrocarbons from the formatiigm having carbon 
numbers greater than about 25. / 

1 409. The method of claim 1381, further comprising: / 

providing hydrogen (H2) to the second section tcf hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the second section with/heat from hydrogenation. 

1410. The method of claim 1381, further comprising: 

producing hydrogen and condensable iiydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1411. The method of claim 1381, wherein heating the first section or heating the second 
section comprises increasing a permeability of a majority of the first or second section, 
respectively, to greater than about WO millidarcy. 

1412. The method of claim 1384, wherein heating the first section or heating the second 
section comprises substantiallwimiformly increasing a permeability of a majority of the 
fust or second section, respec/ively. 

1413. The method of claim 1381, further comprises controlling the heating of the first 
section or controlling the neat of the second section to yield greater than about 60 % by 
weight of condensable hydrocarbons, as measured by the Fischer Assay. 

1414. The method of (tlaim 1381, further comprising producing a mixture from the 
formation in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1415. The method of claim 1381, further comprising providing heat frcmi three or more 
heat sources to at least a portion of the formation, wherein three or nipre of the heat 
sources are located in the formation in a unit of heat sources, and Wnerein the unit of heat 
sources comprises a triangular pattern. / 

1416. The method of claim 1381, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, v^herein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a/plurality of the units are repeated 
over an area of the formation to form a repetitive pafttem of units. 

1417. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from theyone or more heat sources to a selected 
section of the formation; / 

producing a mixture from the formation; and 

controlling formation conditions such that the mixture produced from the 
formation comprises condensable hydrocarbons including H2, wherein the partial 
pressure of H2 within the mixture is greater than about 0.5 bar. 

1418. The method of claim 1417, wnerein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hy<^ocarbons within the selected section of the 
formation. 

1419. The method of claim 1 4 1 
maintaining a temperature Mdthir 
range. 



, wherein controlling formation conditions comprises 
[ the selected section within a pyrolysis temperature 
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1420. The method of claim 1417, wherein the one or more he^t sources comprise 
electrical heaters. ' / 

1421 . The method of claim 1417, wherein the one or mcn:e heat sources comprise 
surface burners. / 

1422. The method of claim 1417, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1423. The method of claim 1417, wherein theyone or more heat sources comprise natural 
distributed combustors. / 

1424. The method of claim 1417, further comprising controlling a pressure and a 
temperature within at least a majority of tMe selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1425. The method of claim 1417, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1426. The method of claim 141^, wherein providing heat from the one or more heat 
sources to at least the portion oy formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzas at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 
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wherein Pwr is the heating energy/day, A is an average heating/rate of the 
formation, ps is formation bulk density, and wherein the heating rat/ is less than about 10 
°C/day. / 

1427. The method of claim 1417, wherein allowing the heat/to transfer comprises 
transferring heat substantially by conduction. / 

1428. The method of claim 1417, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m 

1429. The method of claim 1417, wherein the OToduced mixture comprises condensable 
hydrocarbons having an API gravity of at least/about 25°. 

1430. The method of claim 1417, whereinyxhe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1 43 1 . The method of claim 1417, wMerein the produced mixture comprises non- 
condensable hydrocarbons, and wh^ein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1432. The method of claim I4p, wherem the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1433. The method of clairil 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable nydrocarbons is oxygen. 
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1434. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calcuMed on an atomic 
basis, of the condensable hydrocarbons is sulfiir. / 

1435. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by/weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and therein the oxygen 
containing compounds comprise phenols. / 

1436. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % hp weight of the condensable 
hydrocarbons are aromatic compounds. / 

1437. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %my weight of the condensable 
hydrocarbons comprises multi-ring aromatics ywith more than two rings. 

1 43 8 . The method of claim 1417, whereii 
hydrocarbons, and wherein less than aboiU 
hydrocarbons are asphaltenes. / 

1439. The method of claim 1417, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1440. The method of claim 141 77wherein the produced mixture comprises a non- 
condensable component, wherein fthe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

/ 



/the produced mixture comprises condensable 
: 0.3 % by weight of the condensable 
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1441. The method of claim 1417, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1442. The method of claim 1417, wherein the produced mixt^e comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1443. The method of claim 1417, further comprising controlling a pressure within at 
least a majority of the selected section of the formation/ wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1444. The method of claim 1417, further compri^ng altering a pressure within the 
formation to inhibit production of hydrocarbons ^om the formation having carbon 
numbers greater than about 25. 



1==^ 15 

O 
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1445. The method of claim 1417, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



H 5 

^ 20 



1446. The method of claim 1417, further comprising: 

providing hydrogen (Ha) to thcylieated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the sectiyin with heat from hydrogenation. 



25 



1 447 . The method of claim 1417/ further comprising : 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydroaen. 
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1448. The method of claim 1/41 7, wherein allowing the heat to transfer comprises 



increasing a permeability of 
millidarcy. 



majority of the selected section to greater than about 100 
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1449. The method of claim 1417, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1450. The method of claim 1417, further comprising controUirlg the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as jneasured by the Fischer 
Assay. 

145 1 . The method of claim 1417, wherein producing me mixture comprises producing 
the mixture in a production well, and wherein at leasyabout 7 heat sources are disposed in 
the formation for each production well. 

1452. The method of claim 1417, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. 

1453. The method of claim 1417, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation irya unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1454. The method of claim 1417, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 



1455. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from gne or more heat sources to at least a portion of the 
formation; 

allowing the heat top-ansfer from the one or more heat sources to a selected 
section of the formation; 
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maintaining a pressure of the selected section above atmosphenc pressure to 
increase a partial pressure of H2, as compared to the partial pressure of H2 at atmospheric 
pressure, in at least a majority of the selected section; and 

producing a mixture from the formation, wherein the M^bduced mixture comprises 
condensable hydrocarbons having an API gravity of at least^about 25°. 

1456. The method of claim 1455, wherein the one or rnore heat sources comprise at 
least two heat sources, and wherein superposition of h^at from at least the two heat 
sources pyrolyzes at least some hydrocarbons withirythe selected section of the 
formation. 

1457. The method of claim 1455, ftirther comprising maintaining a temperature within 
the selected section within a pyrolysis temperafture range. 

1458. The method of claim 1455, whereii/the one or more heat sources comprise 
electrical heaters. 

1459. The method of claim 1455, wh/rein the one or more heat sources comprise 
surface bumers. 

1460. The method of claim 1455,^herein the one or more heat sources comprise 
flameless distributed combustors., 

1461 . The method of claim 14p5, wherein the one or more heat sources comprise natural 
distributed combustors. 

1462. The method of claim /l455, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled a^ a function of temperature, or the temperature is controlled as 
a fimction of pressure. 
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1463. The method of claim 1455, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per/aay during 
pyrolysis. / 

1464. The method of claim 1455, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (P) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an s^verage heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbpns within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the^volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr - /z*F*Cv*/?ij / 

wherein Pwr is the heating energy/daw is an average heating rate of the 
formation, pe is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1465. The method of claim 1455, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1466. The method of claim 1455, ^ynerein providing heat from the one or more heat 
sources comprises heating the seleafed section such that a thermal conductivity of at least 
a portion of the selected section is/greater than about 0.5 W/(m °C). 

1467. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons ar^olefins. 

1468. The method of claim/l455, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons n-anges from about 0.001 to about 0.15. 
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1469. The method of claim 1455, wherein the produced mixturie comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whpn calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1470. The method of claim 1455, wherein the producea mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1471 . The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %/by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1472. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen contairyng compounds, and wherein the oxygen 
containing compounds comprise phenpls. 

1473. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1474. The method of claim 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mmti-ring aromatics with more than two rings. 

1475. The method of cla/m 1455, wherein the produced mixture comprises condensable 
hydrocarbons, and wherefin less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaliienes. 
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1476. The method of claim 1455, wherein the produced mixtuj;e comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1477. The method of claim 1455, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensablexomponent comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than smout 80 % by volume of the non- 
condensable component. / 

1478. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1479. The method of claim 1455, wherein the produced mixture comprises ammonia, 
and wherein the anamonia is used to proauce fertilizer. 

1480. The method of claim 1455, further comprising controlling the pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1481 . The method of claim 1455, further comprising increasing the pressure of the 
selected section, to an upper limit of about 21 bar absolute, to increase an amount of non- 
condensable hydrocarbons produced from the formation. 

1482. The method of clainy 1455, further comprising decreasing pressure of the selected 
section, to a lower limit of about atmospheric pressure, to increase an amount of 
condensable hydrocarbons produced from the formation. 

1483. The method of claim 1455, wherein the partial pressure comprises a partial 
pressure based on properties measured at a production well. 
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1484. The method of claim 1455, further comprising altering the pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1485. The method of claim 1455, further comprising controllij4 formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1486. The method of claim 1455, further comprising: / 

providing hydrogen (H2) to the heated section to/nydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section v^th heat from hydrogenation. 

1487. The method of claim 1455, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1488. The method of claim 1455, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority 0/ the selected section to greater than about 100 
millidarcy. / 

1489. The method of claim 1455, vynerein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1490. The method of claim 1455, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1491 . The method of claim y455, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1492. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sourc^, and wherein the unit of heat 
sources comprises a triangular pattem. 

1493. The method of claim 1455, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, Wherein three or more of the heat 
sources are located in the formation in a unit of hpt sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1494. A method of treating a hydrocarbon/containing formation in situ, comprising: 
providing heat from one or more l^at sources to at least a portion of the 

formation; 

allowing the heat to transfer froyfe the one or more heat sources to a selected 
section of the formation; 

providing H2 to the formatio)?i to produce a reducing environment in at least some 
of the formation; 

producing a mixture from ihe formation. 

1495. The method of claim 1494, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least soi^e hydrocarbons within the selected section of the 
formation. 



1496. The method of claim 1494, further comprising maintaining a temperature within 
the selected section within/a pyrolysis temperature range. 



1497. The method 
within the mixture and r 



of clqfim 1494, further comprising separating a portion of hydrogen 
dcirculating the portion into the formation. 



\ 
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1498. The method of claim 1494, wherein the one or more heat sourc/s comprise 
electrical heaters. 

1499. The method of claim 1494, wherein the one or more heat purees comprise 
surface burners. 

1500. The method of claim 1494, wherein the one or more l^feat sources comprise 
flameless distributed combustors. 

1 501 . The method of claim 1494, wherein the one or mo/e heat sources comprise natural 
distributed combustors. 

1502. The method of claim 1494, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperatu^, or the temperature is controlled as 
a function of pressure. 

1503. The method of claim 1494, further comprising controlling the heat such that an 
average heating rate of the selected section is le^ than about 1 °C per day during 
pyrolysis. 



1504. The method of claim 1494, wherein pifoviding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the /hydrocarbon containing formation from the 
one or more heat sources, wherein the fomiation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least sonjp hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provj'ded to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatiqn: 
Pwr = hWC^'^pB 
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wherein Pwr is the heating energy/day, /j is an average heating rate of the 
formation, p5 is formation bulk density, and wherein the heating rate isf less than about 10 
°C/day. / 

1 505. The method of claim 1494, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1 506. The method of claim 1494, wherein providing heatyfrom the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0 J W/(m ^C). 

1507. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1508. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1509. The method of claim 1494, whereiiythe produced mixture comprises non- 
condensable hydrocarbons, and wherein a/molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from pout 0.001 to about 0.15. 

1510. The method of claim 1494, wtterein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1511. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessAhan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1512. The method of claim 1494, wherein the produced mixture ytomprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whei/calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1513. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds,yand wherein the oxygen 
containing compounds comprise phenols. / 

1514. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 Vq by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1515. The method of claim 1494, wherein thb produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromaucs with more than two rings. 

1516. The method of claim 1494, wheiiein the produced mixture comprises condensable 
hydrocarbons, and wherein less than aHout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1517. The method of claim 1494, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cydloalkanes. 

1518. The method of claim 1494, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater :han about 10 % by volume of the non-condensable 
component, and wherein the hycrogen is less than about 80 % by volume of the non- 
condensable component. 

I 
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1519. The method of claim 1494, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



1520. The method of claim 1494, wherein the produced mixtu^ comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1521 . The method of claim 1494, further comprising coudrolling a pressure within at 
least a majority of the selected section of the formationTwherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 522. The method of claim 1494, further compri^ng controlling formation conditions to 
produce the mixture, wherein a partial pressure yfHa within the mixture is greater than 
about 0.5 bar. 

1523. The method of claim 1494, whereinyfhe partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 524. The method of claim 1494, furtlier comprising altering a pressure within the 
formation to inhibit production of hyc^ocarbons from the formation having carbon 
numbers greater than about 25. 

1525. The method of claim 149^ wherein providing hydrogen (H2) to the formation 
further comprises: 

hydrogenating hydrocarbons within the section; and 
heating a portion of the section with heat from hydrogenation. 



1526. The method of claini 1494, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 



hydrogenating a p< 



portion of the produced hydrogen. 



tion of the produced condensable hydrocarbons v^th at least 
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1527. The method of claim 1494, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section tc/greater than about 100 
millidarcy. / 



1 528. The method of claim 1494, wherein allowing the neat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1529. The method of claim 1494, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydro/arbons, as measured by the Fischer 
Assay. 

1 530. The method of claim 1494, wherein producing the mixture comprises producing 
the mixture in a production well, and whei;ein at least about 7 heat sources are disposed in 
the formation for each production well. 

1 53 1 . The method of claim 1494, further comprising providing heat from three or more 
heat sources to at least a portion of tne formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1532. The method of claim 14-94, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fonnation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1533. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing hea/ from one or more heat sources to at least a portion of the 

formation; 

allowing th^ heat to transfer from the one or more heat sources to a selected 
section of the fomiation; 
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providing H2 to the selected section to hydrogenate hydrocarbons within the 
selected section and to heat a portion of the section with heat frojn the hydrogenation; 
and 

controlling heating of the selected section by controll)fig amounts of H2 provided 
to the selected section, 

1534. The method of claim 1533, wherein the one or n?fore heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, 

1535. The method of claim 1533, further conif)rising maintaining a temperature within 
the selected section within a pyrolysis tempepture range. 

1536. The method of claim 1533, wherei^ the one or more heat sources comprise 
electrical heaters. 

1537. The method of claim 1533, wljferein the one or more heat sources comprise 
surface burners. 

1538. The method of claim 1 533/ wherein the one or more heat sources comprise 
flameless distributed combustors/ 

1539. The method of claim 1^3, wherein the one or more heat sources comprise natural 
distributed combustors. 



1540. The method of claim/l533, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 
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1 541 . The method of claim 1 533, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1542. The method of claim 1533, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume {V)of the hydrocarbonyContaining formation from the 
one or more heat sources, wherein the formation has an^verage heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarpons within the selected volume of 
the fomiation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h^V^C^^PB / 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1543. The method of claim 1533, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1 544. The method of claim 1533/ wherein providing heat from the one or more heat 
sources comprises heating the se/ected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1545. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

1546. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

1 547. The method of claim 1 533, further comprising producing/a mixture from the 
5 formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 

wherein a molar ratio of ethene to ethane in the non-condensg/ole hydrocarbons ranges 
from about 0.001 to about 0.15. 

1548. The method of claim 1 533, fiirther comprising producing a mixture from the 
10 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weight, when calcul^ed on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 



to 



1549. The method of claim 1533, ftirther comprising producing a mixture from the 
15 formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when/calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 



1550. The method of claim 1533, ftirthef comprising producing a mixture from the 
20 formation, wherein the produced mixture comprises condensable hydrocarbons, and 

wherein less than about 1 % by weigh)?; when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

1551. The method of claim 1 5 33, /further comprising producing a mixture from the 

25 formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30pb by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, pid wherein the oxygen containing compounds comprise 
phenols. 



30 1 552. The method of claim 1 &33, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

1553. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

1 554. The method of claim 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture compris^ condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the /ondensable hydrocarbons are 
asphaltenes. 

1555. The method of claim 1533, further oGmprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 3^ % by weight of the condensable hydrocarbons 
are cycloalkanes. 

1 556. The method of claim 1 533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volmne of the non-condensable component, and wherein the 
hydrogen is less than about 8(y% by volume of the non-condensable component. 

1557. The method of claiiri 1533, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



1 558. The method of claim 1533, further comprismg producing a mixture from the 



formation, wherein the 
is used to produce ferti 



Droduced mixture comprises ammonia, and wherein the ammonia 
izer. 



\ 
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1559. The method of claim 1 533, further comprising controlling a pressui^e within at 
least a majority of the selected section of the formation, wherein the coi^roUed pressure 
is at least about 2.0 bar absolute. / 

1 560. The method of claim 1 533, further comprising controlling/formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

1561. The method of claim 1 560, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. / 

1 562. The method of claim 1533, further comprising^ altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1563. The method of claim 1533, farther comprising controlling fomiation conditions 
by recirculating a portion of hydrogen from a produced mixture into the formation. 

1 564. The method of claim 1533, further comprising: 

producing hydrogen and condensaole hydrocarbons from the formation; and 
hydrogenating a portion of the pr<5/auced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

1565. The method of claim 1533, wl 
increasing a permeability of a majorit 
millidarcy. / 

1566. The method of claim 1533jwherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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^rein allowing the heat to transfer comprises 
of the selected section to greater than about 100 



1567. The method of claim 1533, wherein the heating is controlled of claim 1533, 
further comprising producing a mixture in a production well, and wherein at least about 7 
heat sources are disposed in the formation for each production well. 



1 568. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein tpee or more of the heat 
sources are located in the formation in a unit of heat sourcjes, and wherein the unit of heat 
sources comprises a triangular pattern. 

1569. The method of claim 1533, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 570. An in situ method for producing H2 fr^m a hydrocarbon containing formation, 
comprising: 

providing heat from one or more h^t sources to at least a portion of the 
formation; 

allowing the heat to transfer frory( the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation, wherein a H2 partial pressure within the 
mixture is greater than about 0.5 

1571. The method of claim 1 5707 wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some l^ydrocarbons within the selected section of the 
formation. 



1 572. The method of claim 1 570, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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1573. The method of claim 1570, wherein the one or more heat sourcies comprise 

* 

electrical heaters. 

1574. The method of claim 1570, wherein the one or more hea/ sources comprise 
surface burners. 



10 



15 



1575. The method of claim 1 570, wherein the one or mope heat sources comprise 
flameless distributed combustors. 

1 576. The method of claim 1 570, wherein the one or/more heat sources comprise natural 
distributed combustors. 

1577. The method of claim 1570, further comprising controlling a pressure and a 
temperature within at least a majority of the seleofted section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



1578. The method of claim 1570, further comprising controlling the heat such that an 
20 average heating rate of the selected sectiory is less than about 1 °C per day during 

pyrolysis. 

1579. The method of claim 1570, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

25 heating a selected volume (V) of the hydrocarbon containing formation from the 

one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at le^t some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/dafy provided to the volume is equal to or less than Pwr, 
30 wherein Pwr is calculated by the /equation: 
Pwr = /z*F*Cv 
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g rate of the 
is less than about 10 

1580. The method of claim 1570, wherein allowing the heatio transfer comprises 
transferring heat substantially by conduction. / 

1581. The method of claim 1 570, wherein providing heat from the one or more heat 
sources comprises heating the selected section such thaft a thermal conductivity of at least 
a portion of the selected section is greater than aboutyO.5 W/(m °C). 

1582. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least aWout 25°. 

1583. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1584. The method of claim 1570, wher^n the produced mixture comprises non- 
condensable hydrocarbons, and whereirya molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fror^ about 0.001 to about 0.15. 

1585. The method of claim 1570, 
hydrocarbons, and wherein less tha 
basis, of the condensable hydrocarJ 

1586. The method of claim 1576, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 



500 Conley, Rose & Tayon, P,C. 



wherein Pwr is the heating energy/day, his an average heatir 
formation, pa is formation bulk density, and wherein the heating : 
°C/day. 



/herein the produced mixture comprises condensable 
about 1 % by weight, when calculated on an atomic 
5ons is nitrogen. 



1 587. The method of claim 1 570, wherein the produced mixture coimrises condensable 
hydrocarbons, and \vherein less than about 1 % by weight, when caMilated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1588. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, ana wherein the oxygen 
containing compounds comprise phenols. / 

1589. The method of claim 1570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % py weight of the condensable 
hydrocarbons are aromatic compounds. / 

1590. The method of claim 1570, wherein the j^oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 %yby weight of the condensable 
hydrocarbons comprises multi-ring aromatics yvvith more than two rings. 

1591. The method of claim 1570, whereinAhe produced mixture comprises condensable 
hydrocarbons, and wherein less than aboutr0,3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 592. The method of claim 1 570, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %my weight to about 30 % by weight of the 
condensable hydrocarbons are cycloaikanes. 

1593. The method of claim 1570, Avherein the produced mixture comprises a non- 
condensable component, wherein me non-condensable component comprises hydrogen, 
wherein the hydrogen is greater tttan about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 
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1594. The method of claim 1570, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the prodilced mixture is ammonia. 

1595. The method of claim 1 570, wherein the produced/mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. / 

1596. The method of claim 1570, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1597. The method of claim 1570, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1598. The method of claim 1 570, further comprising recirculating a portion of the 
hydrogen within the mixture into the formation. 

1599. The method of claim 1570, 
component from the produced mixi 
with a portion of the hydrogen. / 

1600. The method of claim 1 570, further comprising: 
providing hydrogen (H^ to the heated section to hydrogenate hydrocarbons 

v^thin the section; and / 

heating a portion of ihp section with heat from hydrogenation. 

1601. The method of clain 
increasing a permeability o: 
millidarcy. 



ler comprising condensing a hydrocarbon 
re and hydrogenating the condensed hydrocarbons 



'l570, wherein allowing the heat to transfer comprises 
fa majority of the selected section to greater than about 100 
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1 602. The method of claim 1 570, wherein allowing the heat to trj 
substantially uniformly increasing a permeability of a majority of] 



isfer comprises 
le selected section. 



1603. The method of claim 1570, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, admeasured by the Fischer 
Assay. 

1604. The method of claim 1570, wherein producing^he mixture comprises producing 
the mixture in a production well, and wherein at leaja about 7 heat sources are disposed in 
the formation for each production well. 

1605. The method of claim 1570, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the imit of heat 
sources comprises a triangular pattern. 

1606. The method of claim 1570, furthei/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a imit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
over an area of the formation to formf a repetitive pattern of units. 

1607. The method of claim 1570ywherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1608. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from onp or more heat sources to at least a portion of the 

formation; 

allowing the heat to ti^sfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using an atomic 
hydrogen weight percentage of at least a portion of hydrocarbons/m the selected section, 
and wherein at least the portion of the hydrocarbons in the selected section comprises an 
atomic hydrogen weight percentage, when measured on a dry/ash-free basis, of greater 
than about 4,0 %; and 

producing a mixture from the formation. 

1609. The method of claim 1608, wherein the one orinore heat sources comprise at 
least two heat sources, and wherein superposition of lieat from at least the two heat 
sources pyrolyzes at least some hydrocarbons withj/n the selected section of the 
formation. 

1610. The method of claim 1608, fiirther coir^rising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1611. The method of claim 1608, wherei)4 the one or more heat sources comprise 
electrical heaters. 

1612. The method of claim 1608, wherein the one or more heat sources comprise 
surface burners. 

1613. The method of claim 1608, ^herein the one or more heat sources comprise 
flameless distributed combustors. 

1614. The method of claim 160p, wherein the one or more heat sources comprise natural 
distributed combustors. 



1615. The method of claim lo08, further comprising controlling a pressure and a 
temperature within at least a rnajority of the selected section of the formation, wherein 
the pressure is controlled as a j^mction of temperature, or the temperature is controlled as 
a function of pressure. 
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1616. The method of claim 1608, further comprising controlling the lieat such that an 
average heating rate of the selected section is less than about 1 °C ijpr day during 
pyrolysis. 

1617. The method of claim 1 608, wherein providing heat fpom the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (K) of the hydrocarbon/containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarjions within the selected volume of 
the formation; and 

wherein heating energy/day provided to th^ volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h'^V'^C^'^PB 

wherein Pwr is the heating energy/day/ h ism average heating rate of the 
formation, Pb is formation bulk density, and ^herein the heating rate is less than about 10 
°C/day. 

1618. The method of claim 1608, where/n allowing the heat to transfer comprises 
transferring heat substantially by conduoxion. 

1619. The method of claim 1608, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is gtieater than about 0.5 W/(m °C). 



1620. The method of claim 1608, iwherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1 62 1 . The method of claim 1 60? 
hydrocarbons, and wherein about 



wherein the produced mixture comprises condensable 
0. 1 % by weight to about 1 5 % by weight of the 



condensable hydrocarbons are ole^s. 
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1622. The method of claim 1608, wherein the produced mixtureyComprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene/o ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0(l5. 

5 / 

1623. The method of claim 1608, wherein the produced>mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weignt, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

10 1624. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % py weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1625. The method of claim 1608, wherein/the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 

basis, of the condensable hydrocarbons is sulfur. 

1626. The method of claim 1608, wMerein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 

20 hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise nhenols. 

1627. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 

25 hydrocarbons are aromatic compounds. 



30 



1628. The method of claim/l608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 



hydrocarbons comprises m 



ilti-ring aromatics with more than two rings. 
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1629. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0,3 % by weight of the condeiisable 
hydrocarbons are asphaltenes. / 

1630. The method of claim 1608, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 63 1 . The method of claim 1 608, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than abouySO % by volume of the non- 
condensable component. / 

1632. The method of claim 1608, wherein the prodnced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight ot the produced mixture is ammonia. 

1633. The method of claim 1608, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1634. The method of claim 1608, further comprising controlling a pressure within at 
least a majority of the selected section of ther formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1635. The method of claim 1608, furth^ comprising controlling formation conditions to 
produce the mixture, wherein a partial p/essure of Hi within the mixture is greater than 
about 0.5 bar. / 

1636. The method of claim 1635, wHerein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1637. The method of claim 1608, further comprising ahering a pressure within the 
formation to inhibit production of hydrocarbons from the formationyhaving carbon 
numbers greater than about 25. 

1638. The method of claim 1608, further comprising controllmg formation conditions 
by recirculating a portion of hydrogen from the mixture into |ne formation. 

1639. The method of claim 1608, further comprising: 
providing hydrogen (H2) to the heated section to^ydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat fron?( hydrogenation. 

1 640. The method of claim 1 608, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produce^ condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1 64 1 . The method of claim 1 608, whereiiy allowing the heat to transfer comprises 
increasing a permeability of a majority of /the selected section to greater than about 100 
millidarcy. 

1642. The method of claim 1608, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 643. The method of claim 1608, ifurther comprising controlling the heat to yield greater 
than about 60 % by weight of con^lensable hydrocarbons, as measured by the Fischer 
Assay. 



1644. The method of claim 1668, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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1645. The method of claim 1608, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and yvherein the unit of heat 
sources comprises a triangular pattem. 



10 



1646. The method of claim 1608, further comprising provjtiing heat from three or more 
heat sources to at least a portion of the formation, whereiii three or more of the heat 
sources are located in the formation in a unit of heat soiu-ces, wherein the unit of heat 
sources comprises a triangular pattem, and wherein aplurality of the units are repeated 
over an area of the formation to form a repetitive panem of units. 



15 

a 



nJ 20 

a 
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1647. A method of treating a hydrocarbon contaZning formation in situ, comprising: 
providing heat from one or more heat so^ces to at least a portion of the 

formation; 

allowing the heat to transfer from the/one or more heat sources to a selected 
section of the formation; 

wherein at least some hydrocarbon^ within the selected section have an initial 
atomic hydrogen weight percentage of greater than about 4.0 %; and 

producing a mixture from the fohnation. 

1648. The method of claim 1647, vynerein the one or more heat sources comprise at 
least two heat sources, and wherein/superposition of heat from at least the two heat 
sources pyrolyzes at least some h}procarbons within the selected section of the 
formation. 



1 649. The method of claim 1 647, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



30 1650. The method of claim 
electrical heaters. 



647, wherein the one or more heat sources comprise 
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1651. The method of claim 1 647, wherein the one or more he/t sources comprise 
surface burners. 

1652. The method of claim 1 647, wherein the one or m9^e heat sources comprise 
flameless distributed combustors. 

1653. The method of claim 1647, wherein the one more heat sources comprise natural 
distributed combustors. 

1654. The method of claim 1647, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of te^nperature, or the temperature is controlled as 
a function of pressure. 

1655. The method of claim 1647, furth^ comprising controlling the heat such that an 
average heating rate of the selected sect/on is less than about 1 °C per day during 
pyrolysis. 



1656. The method of claim 1647, ^herein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume/(F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cy), and 
wherein the heating pyrolyzes ^ least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated b)/ the equation: 

wherein Pwr is the Seating energy/day, is an average heating rate of the 
formation, is formation l|>ulk density, and wherein the heating rate is less than about 10 
T/day. 
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1657. The method of claim 1647, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1658. The method of claim 1647, wherein providing heat firom the one or more heat 
sources comprises heating the selected section such that a/thermal conductivity of at least 
a portion of the selected section is greater than about 0,^ W/(m ^'C). 

1659. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

1660. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1661. The method of claim 1647, whereiii the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1662. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than/about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1663. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less ttian about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrojtarbons is oxygen. 

1664. The method of claim 
hydrocarbons, and wherein li 
basis, of the condensable hy^ 
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1/647, wherein the produced mixture comprises condensable 
jss than about 1 % by weight, when calculated on an atomic 
rocarbons is sulfur. 



1665. The method of claim 1647, wherein the produced mixmre comprises condensable 
hydrocarbons^ wherein about 5 % by weight to about 30 VoJoy weight of the condensable 
hydrocarbons comprise oxygen containing compounds, a^d wherein the oxygen 
containing compounds comprise phenols. 

1666. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 by weight of the condensable 
hydrocarbons are aromatic compounds. 

1667. The method of claim 1647, wherein the( produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5f/o by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1668. The method of claim 1647, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than ab^ut 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1669. The method of claim 1647, wtierein the produced mixture comprises condensable 
hydrocarbons, and wherein about Sf/ohy weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1670. The method of claim 1647, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



1 67 1 . The method of claim /l 647, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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1672. The method of claim 1647, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1673. The method of claim 1647, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wl^rein the controlled pressure 
is at least about 2.0 bar absolute. 

1674. The method of claim 1647, further comprisingytontroUing formation conditions to 
produce the mixture, wherein a partial pressure of Hjf within the mixture is greater than 
about 0.5 bar. 

1675. The method of claim 1674, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a productioiy well. 

1676. The method of claim 1647, further comprising altering a pressure within the 
formation to inhibit production of hydrocarlpns from the formation having carbon 
numbers greater than about 25. 

1677. The method of claim 1647, furthefr comprising controlling formation conditions 
by recirculating a portion of hydrogen ffom the mixture into the formation. 

1678. The method of claim 1647, further comprising: 
providing hydrogen (H2) to tjle heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



1 679. The method of claim 1 647, further comprising: 

producing hydrogen and /condensable hydrocarbons from the formation; and 
hydrogenating a portion/of the produced condensable hydrocarbons with at least a 

portion of the produced hydro^n. 
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1 680. The method of claim 1 647, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section toygreater than about 100 
millidarcy. 

1681. The method of claim 1647, wherein allowing the h^at to transfer comprises 
substantially uniformly increasing a permeability of a msyority of the selected section. 

1 682. The method of claim 1 647, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

1683. The method of claim 1647, wherein producing the mixture comprises producing 
the mixture in a production well, and wherei^ at least about 7 heat sources are disposed in 
the formation for each production well. 

1684. The method of claim 1647, furth;^r comprising providing heat from three or more 
heat sources to at least a portion of theyiormation, wherein three or more of the heat 
sources are located in the formation vji a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattei/ 

1685. The method of claim 1647, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 



1686. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat frcjra one or more heat sources to at least a portion of the 
formation; 

allowing the he^ to transfer from the one or more heat sources to a selected 
section of the formatior 
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wherein the selected section has been selected for heating usijag vitrinite 
reflectance of at least some hydrocarbons in the selected section, afid wherein at least a 
portion of the hydrocarbons in the selected section comprises a yitrinite reflectance of 
greater than about 0.3 %; 

wherein at least a portion of the hydrocarbons in the/^elected section comprises a 
vitrinite reflectance of less than about 4.5 %; and 
producing a mixture from the formation. 

1687. The method of claim 1 686, wherein the one/()r more heat sources comprise at 
least two heat sources, and wherein superpositior^of heat from at least the two heat 
sources p)ToIyzes at least some hydrocarbons vyithin the selected section of the 
formation. 

1688. The method of claim 1686, further Comprising maintaining a temperature within 
the selected section within a pyrolysis temperature. 

1689. The method of claim 1686, whbrein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected Action is between about 0.47 % and about 1.5 % 
such that a majority of the produce^ mixture comprises condensable hydrocarbons. 

1690. The method of claim 168fe, wherein the vitrinite reflectance of at least the portion 
of hydrocarbons within the selected section is between about 1.4 % and about 4.2 % such 
that a majority of the produced mixture comprises non-condensable hydrocarbons. 

1691. The method of claiip 1686, wherein the one or more heat sources comprise 
electrical heaters. 



1692. The method of c" 
surface burners. 



im 1686, wherein the one or more heat sources comprise 
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1693. The method of claim 1686, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1694. The method of claim 1686, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1695. The method of claim 1686, further comprising oontrolling a pressure and a 
temperature within at least a majority of the selected /ection of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1696. The method of claim 1686, further comprising controlling the heat such that an 
average heating rate of the selected section isAess than about 1 °C per day during 
pyrolysis. / 

1697. The method of claim 1686, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) outhe hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least/some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr ^ hW^C^'^Ps I 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, Pb is formation bulk aensity, and wherein the heating rate is less than about 1 0 
°C/day. / 

1698. The method of claim 1686, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1699. The method of claim 1686, wherein providing heat from the one ck more heat 
sources comprises heating the selected section such that a thermal condnctivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). / 

1700. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

1701 . The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about p % by weight of the 
condensable hydrocarbons are olefins. / 

1 702. The method of claim 1 686, wherein the producer mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 tcy about 0.15. 

1703. The method of claim 1686, wherein the proi 
hydrocarbons, and wherein less than about 1 % by/ 
basis, of the condensable hydrocarbons is nitrogen. 

1704. The method of claim 1686, wherein the/produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1705. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons \k sulfiir. 

1706. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen contaming compounds, and wherein the oxygen 
containing compounds comprise phenols. 



iced mixture comprises condensable 
weight, when calculated on an atomic 
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1707. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1708. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of me condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1709. The method of claim 1686, wherein the producer mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1710. The method of claim 1686, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weighyto about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1711. The method of claim 1 686, wherein me produced mixture comprises a non- 
condensable component, wherein the non-dondensable component comprises hydrogen, 
wherein the hydrogen is greater than aboiit 10 % by volume of the non-condensable 
component, and wherein the hydrogen i^less than about 80 % by volume of the non- 
condensable component. / 

1712. The method of claim 1686, wnerein the produced mixture comprises ammonia, 
and wherein greater than about 0.05/% by weight of the produced mixture is ammonia. 

1713. The method of claim 1 686/ wherein the produced mixture comprises ammonia, 
and wherein the ammonia is usecyto produce fertilizer. 



518 



Conley, Rose & Tayon, P C. 



1714. The method of claim 1686, further comprising controlling a pressure within at 

. least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1715. The method of claim 1686, further comprising controllingm)rmation conditions to 
produce the mixture, wherein a partial pressure of H2 within the4nixture is greater than 
about 0.5 bar. / 

1716. The method of claim 1715, wherein the partial pre/sure of H2 within the mixture 
is measured when the mixture is at a production well. / 

1717. The method of claim 1686, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

1718. The method of claim 1686, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from me mixture into the formation. 

1719. The method of claim 1 686, furthei/ comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section v^th heat from hydrogenation. 

1 720. The method of claim 1 686, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogep. 

1721. The method of claim 1 
increasing a permeability of aj 
millidarcy. / 



j[86, wherein allowing the heat to transfer comprises 
lajority of the selected section to greater than about 100 
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1 722. The method of claim 1 686, wherein allowing the heat to transfjer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1723. The method of claim 1686, further comprising controllii^ the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1 724. The method of claim 1686, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least About 7 heat sources are disposed in 
the formation for each production well. / 

1725. The method of claim 1686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a imit oyheat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 726. The method of claim 1 686, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in aAmit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem,yand wherein a plurality of the units are repeated 
over an area of the formation to form A repetitive pattern of units. 

1727. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or/more heat sources to at least a portion of the 

formation; / 

allowing the heat to transrer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using a total organic 
matter weight percentage of at/least a portion of the selected section, and wherein at least 



520 



Conley, Rose & Tayon, P,C. 



the portion of the selected section comprises a total organic matter wej^feht percentage, of 
at least about 5.0 %; and 

producing a mixture from the formation. 

5 1728. The method of claim 1727, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat fro;n at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

10 1 729. The method of claim 1 727, further comprising/maintaining a temperature within 
the selected section within a pyrolysis temperature range. 



S 



m 



15 



20 



1730. The method of claim 1727, wherein the oj4e or more heat sources comprise 
electrical heaters. 

1 73 1 . The method of claim 1 727, wherein ^e one or more heat sources comprise 
surface bumers. 

1732. The method of claim 1 727, wherein the one or more heat sources comprise 
flameless distributed combustors. 



1733. The method of claim 1727, vyherein the one or more heat sources comprise natural 
distributed combustors. 



25 1 734. The method of claim 1 727, further comprising controlling a pressure and a 

temperature within at least a maiority of the selected section of the formation, wherein 
the pressure is controlled as a flection of temperature, or the temperature is controlled as 
a function of pressure. 
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1 735. The method of claim 1 727, further comprising controlling the4ieat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 

1736. The method of claim 1727, wherein providing heat ^m the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (F) of the hydrocarbon^containing formation from the 
one or more heat sources, w^herein the formation has aii average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocapons within the selected volume of 
the formation; and 

wherein heating energy/day provided to tjie volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/d^y, his an average heating rate of the 
formation, pB is formation bulk density, ar/d wherein the heating rate is less than about 10 
°C/day. 

1737. The method of claim 1727, wl/erein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1738. The method of claim 172^^ wherein providing heat from the one or more heat 
sources comprises heating the sheeted section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m **C). 

1739. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons having an APy gravity of at least about 25°. 

1740. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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1741. The method of claim 1727, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene toyethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1742. The method of claim 1727, wherein the produced mixtixre comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

1743. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1 744. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1745. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing/compounds, and wherein the oxygen 
containing compounds comprise phenols./ 

1746. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounc^. 

1747. The method of claim 1727, 
hydrocarbons, and wherein less tha 
hydrocarbons comprises multi-rin^ 



therein the produced mixture comprises condensable 
L about 5 % by weight of the condensable 
i aromatics with more than two rings. 
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1748. The method of claim 1727, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the conaensable 
hydrocarbons are asphaltenes. / 

1749. The method of claim 1727, wherem the produced mixtup comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1750. The method of claim 1727, wherein the produce^ mixture comprises a non- 
condensable component, wherein the non-condensabler component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than pout 80 % by volume of the non- 
condensable component. / 

1 75 1 . The method of claim 1 727, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1752. The method of claim 1 727, wherein me produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1753. The method of claim 1 727, further comprising controlling a pressure within at 
least a majority of the selected section m the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1 754. The method of claim 1 727, fnrther comprising controlling formation conditions to 
produce the mixture, wherein a parUal pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1755. The method of claim 17541 wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 
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1756. The method of claim 1727, further comprising altering /pressure within the 
formation to inhibit production of hydrocarbons from the fojmation having carbon 
numbers greater than about 25. 

1757. The method of claim 1727, further comprisingyControUing formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 758. The method of claim 1 727, further comprising: 
providing hydrogen (H2) to the heated ^ction to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section withyheat from hydrogenation. 

1 759. The method of claim 1 727, furth^ comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of theyproduced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

1 760. The method of claim 172 7/ wherein allowing the heat to transfer comprises 
increasing a permeability of a m^ority of the selected section to greater than about 100 
millidarcy. 

1761 . The method of claim ^727, wherein allowing the heat to transfer comprises 
substantially uniformly incrjfcasing a permeability of a majority of the selected section. 

1762. The method of cl^m 1727, further comprising controlling the heat to yield greater 
than about 60 % by wei^t of condensable hydrocarbons, as measured by the Fischer 
Assay. 



1763. The method of claim 1727, wherein producing the mixture comprises producing 
the mixture in a proc^ction well, and wherein at least about 7 heat sources are disposed in 
the formation for eaih production well. 
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1764. The method of claim 1727, further comprising providing iieat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation m a imit of heat sources/and wherein the unit of heat 
sources comprises a triangular pattern. 

1765. The method of claim 1727, further comprising l^roviding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1766. A method of treating a hydrocarbon (/ontaining formation in situ, comprising: 
providing lieat from one or more h^^t sources to at least a portion of the 

formation; 

allowing the heat to transfer fro^ the one or more heat sources to a selected 
section of the formation; 

wherein at least some hydroc^arbons within the selected section have an initial 
total organic matter weight percenmge of at least about 5.0%; and 

producing a mixture from the formation. 

1767. The method of claim 1/766, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least ^me hydrocarbons v^thin the selected section of the 
formation. 

1768. The method ofyfclaim 1766, further comprising maintaining a temperature within 
the selected section Within a pyrolysis temperature range. 



1769. The method 
electrical heaters. 



of claim 1766, wherein the one or more heat sources comprise 
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1 770. The method of claim 1 766, wherein the one or more hea^ sources comprise 
surface burners. / 

1 771 . The method of claim 1 766, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1772. The method of claim 1766, wherein the one^or more heat sources comprise natural 
distributed combustors. / 

1773. The method of claim 1766, further comprising controlling a pressure and a 
temperature within at least a majority of theyselected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1 774. The method of claim 1 766, fumher comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 ''C per day during 
pyrolysis. / 

1775. The method of claim 1766, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, whpein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated/by the equation: 

Pwr - /2*F*Cv*/>i 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
X/day. V_ 
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1776. The method of claim 1766, wherein allowing the heat to transf^ comprises 
transferring heat substantially by conduction. 

1 777. The method of claim 1 766, wherein providing heat jfromyUie one or more heat 
sources comprises heating the selected section such that a thennal conductivity of at least 
a portion of the selected section is greater than about 0.5 wMn °C). 

1 778. The method of claim 1 766, wherein the produce^ mixture comprises condensable 
hydrocarbons having an API gravity of at least about : 

1 779. The method of claim 1 766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weig^ to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1780. The method of claim 1766, wherein tlie produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1781. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than apout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 782. The method of claim 1766ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less tnan about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydroc/irbons is oxygen. 



1 783. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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1 784. The method of claim 1 766, wherein the produced mixture compnses condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight the condensable 
hydrocarbons comprise oxygen containing compounds, and whereiiytne oxygen 
containing compounds comprise phenols. 

1785. The method of claim 1766, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weiglp of the condensable 
hydrocarbons are aromatic compounds. 



10 1786. The method of claim 1766, wherein the producea mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by we/ght of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings, 

1787. The method of claim 1766, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 0.3 yo by weight of the condensable 
hydrocarbons are asphaltenes. 



O 



1788. The method of claim 1766, whereirythe produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 

20 condensable hydrocarbons are cycloalkaiies. 

1789. The method of claim 1766, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 

25 component, and wherein the hydrc/gen is less than about 80 % by volume of the non- 
condensable component. 



30 



1790. The method of claim 1766, wherein the produced mixture comprises ammonia, 
and wherein greater than abouu 0.05 % by weight of the produced mixture is ammonia. 
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1791 . The method of claim 1766, wherein the produced mixture comprises aimnonia, 
and wherein the ammonia is used to produce fertilizer. 

1792. The method of claim 1766, further comprising controlling s/pressure within at 
least a majority of the selected section of the formation, whereiiyxhe controlled pressure 
is at least about 2.0 bar absolute. 

1793. The method of claim 1766, further comprising conjlTolling formation conditions to 
produce the mixture, wherein a partial pressixre of H2 wi)nin the mixture is greater than 
about 0.5 bar. 

1794. The method of claim 1793, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1795. The method of claim 1766, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons firom the formation having carbon 
numbers greater than about 25. 

1796. The method of claim 1766, further/comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1797. The method of claim 1766, furper comprising: 
providing hydrogen (H2) to tl^ heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sec^on with heat from hydrogenation. 



1798. The method of claim 1766, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion pf the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. 
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1799. The method of claim 1766, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than ^bout 100 
miUidarcy. / 

1 800. The method of claim 1 766, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1 801 . The method of claim 1 766, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

1802. The method of claim 1766, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

1803. The method of claim 1 766, fumer comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1804. The method of claim 1/66, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1 805. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat/from one or more heat sources to at least a portion of the 

formation; / 

allowing the neat to transfer from the one or more heat sources to a selected 
section of the formation; 
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wherein the selected section has been selected for heating using an atomic oxygen 
weight percentage of at least a portion of hydrocarbons in the selected secfion, and 
wherein at least a portion of the hydrocarbons in the selected section comprises an atomic 
oxygen weight percentage of less than about 15% when measured or/a dry, ash free 
basis; and / 

producing a mixture from the formation. / 

1 806. The method of claim 1 805, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of hea/ from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

1 807. The method of claim 1 805, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 808. The method of claim 1 805, wherein the one or more heat sources comprise 
electrical heaters. . / 

1809. The method of claim 1 805, wherein the one or more heat sources comprise _ 
surface burners. / 

1810. The method of claim 1805, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

1811. The method of claim 1 806, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1812. The method of claim 1805, further comprising controlling a pressure and a 

temperature within at least a majority of the selected section of the formation, wherein 

* / 

the pressure is controlled as af function of temperature, or the temperature is controlled as 
a function of pressure. / 
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1813. The method of claim 1 805, further comprising controUin^the heat such that an 
average heating rate of the selected section is less than about l/C per day during 
pyrolysis. / 



1814. The method of claim 1 805, wherein providing h^t from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocaroon containing formation from the 
one or more heat sources, wherein the formation ha(s an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrjocarbons within the selected volume of 
the formation; and 

wherein heating energy/day provided j[o the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, ps is formation bulk density/ and wherein the heating rate is less than about 10 
°C/day. 

1815. The method of claim 1 805,yWherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

1816. The method of claim lm)5, wherein providing heat from the one or more heat 
sources comprises heating the/selected section such that a thermal conductivity of at least 
a portion of the selected sectpn is greater than about 0.5 W/(m ^C). 

1817. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



1818. The method of claim 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and when in about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbo is are olefins. 
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1819. The method of claim 1805, wherein the produced mixtiW comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethenp to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to abou/O.15. 

1 820. The method of claim 1 805, wherein the producea mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen/ 

1821. The method of claim 1 805, wherein the4)roduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 r/^ by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1822. The method of claim 1805, whd'ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than smout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1823. The method of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5/% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 824. The method of cl^m 1 805, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1825. The method/of claim 1805, wherein the produced mixture comprises condensable 
hydrocarbons, ancy wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

\ 
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1826. The method of claim 1805, wherein the produced mixture/comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of/ne condensable 
hydrocarbons are asphaltenes. 

1 827. The method of claim 1 805, wherein the produced^ mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ab/ut 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



1 828. The method of claim 1 805, wherein the produced mixture comprises a non- 
10 condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10^% by volume of the non-condensable 
component, and wherein the hydrogen is le^ than about 80 % by volume of the non- 
condensable component. 

15 1 829. The method of claim 1 805, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



20 



1830. The method of claim 1805ywherein the produced mixture comprises ammonia, 
and wherein the ammonia is useato produce fertilizer. 

1 83 1 . The method of claim L805, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. 



25 1 832. The method of claim 1 805, further comprising controlling formation conditions to 
produce the mixture, wjierein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. 



30 



1 833. The methocyof claim 1832, wherein the partial pressure of H2 within the mixture 
is measured when me mixture is at a production well. 
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1 834. The method of claim 1 805, further comprising altering a pressure/Within the 
formation to inhibit production of hydrocarbons from the formation ha/ing carbon 
numbers greater than about 25. / 

1835. The method of claim 1805, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into im formation. 

1836. The method of claim 1 805, further comprising: / 

providing hydrogen (H2) to the heated section to Mydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

1 837. The method of claim 1 805, frxrther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the producea condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1 838. The method of claim 1 805, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

1839. The method of claim 1805, ^ 
comprises substantially uniformly ij 
section. / 

1840. The method of claim 1 805, further comprising controlling the heat to yield greater 
than about 60 % by weight of aondensable hydrocarbons, as measured by the Fischer 
Assay. / 



lerein allowing the heat to transfer further 
icreasing a permeability of a majority of the selected 
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1841. The method of claim 1805, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat soi/rces are disposed in 
the formation for each production well. / 

1842. The method of claim 1805, further comprising providing/heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources/and wherein the unit of heat 
sources comprises a triangular pattern. / 

1843. The method of claim 1805, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heatysources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitiveypattem of units. 

1844. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat/sources to a selected section of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbon within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic oxygen weight percentage of less than about 15%; and 

producing a mixture from the formation. 

1 845. The method of claim 1 844, Avherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some h^ydrocarbons within the selected section of the 
formation. 

1 846. The method of claim 1 
the selected section within a pj 



[544, further comprising maintaining a temperature within 
rolysis temperature range 
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1 847. The method of claim 1 844, wherein the one or more heat sour9es comprise 
electrical heaters. 

1 848. The method of claim 1 844, wherein the one or more he^ sources comprise 
surface burners. 

1 849. The method of claim 1 844, wherein the one or mc^Q heat sources comprise 
flameless distributed combustors. 

1 850. The method of claim 1 844, wherein the one /r more heat sources comprise natural 
distributed combustors. 

1851. The method of claim 1 844, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

1 852. The method of claim 1 844, fiirtjier comprising controlling the heat such that an 
average heating rate of the selected s^tion is less than about 1 °C per day during 
pyrolysis. 



1853. The method of claim 1 844( wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume {V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzejS at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating enei[gy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h'^V^Cy'^pB 

\ 



538 



Conley, Rose & Tayon, P.C. 



wherein Pwr is the heating energy/day, /z is an average heating /ate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

1 854. The method of claim 1 844, wherein allowing the heat ^ transfer comprises 
transferring heat substantially by conduction. 

1 855. The method of claim 1 844, wherein providing hpX from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than abou/ 0.5 W/(m "^C). 

1 856. The method of claun 1 844, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at leastyabout 25°. 

1857. The method of claim 1 844, whereinihe produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % hy weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

1 858. The method of claim 1 844, wMerein the produced mixture comprises non- 
condensable hydrocarbons, and wh^ein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1 859. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less^than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1 860. The method of clainy 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiniless than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 861 . The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1862. The method of claim 1844, wherein the produced mixture/omprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by Weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wnerein the oxygen 
containing compounds comprise phenols. / 

1 863. The method of claim 1 844, wherein the producea mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

1864. The method of claim 1844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

1865. The method of claim 1844, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein less than aboutyO.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 866. The method of claim 1 844, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 %/by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 867. The method of claim 1 844,/wherein the produced mixture comprises a non- 
condensable component, whereinAhe non-condensable component comprises hydrogen, 
wherein the hydrogen is greater man about 10 % by volimie of the non-condensable 
component and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 
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1 868. The method of claim 1 844, wherein the produced mixture Comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia, 

1 869. The method of claim 1 844, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1 870. The method of claim 1 844, further comprising o6ntrolling a pressure within at 
least a majority of the selected section of the formatic^, wherein the controlled pressure 
is at least about 2.0 bar absolute. 

1 871 . The method of claim 1 844, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure/of H2 within the mixture is greater than 
about 0.5 bar. 

1872. The method of claim 1871, whereir/the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1 873. The method of claim 1 844, flirmer comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1 874. The method of claim 1 844, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1 875. The method of claim ^44, further comprising: 
providing hydrogen (^2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion o^the section with heat from hydrogenation. 

1 876. The method of claim 1 844, further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

1 877. The method of claim 1 844, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

1 878. The method of claim 1 844, wherein allowing th^heat to transfer comprises 
substantially uniformly increasing a permeability of aymajority of the selected section. 

1 879. The method of claim 1 844, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 



1880. The method of claim 1 844, wherein 
the mixture in a production well, and where 
the formation for each production well. / 



producing the mixture comprises producing 
in at least about 7 heat sources are disposed in 



1881. The method of claim 1 844, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation m a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

1882. The method of claim 1844, further comprising providing heat from three or more 
heat sources to at least a portion/of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular/pattern, and wherein a plurality of the units are repeated 
over an area of the formation lo form a repetitive pattern of units. 

1883. A method of treating/a hydrocarbon containing formation in situ, comprising; 
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providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using an atomic 
hydrogen to carbon ratio of at least a portion of hydrocarbons m the selected section, 
wherein at least a portion of the hydrocarbons in the selected/section comprises an atomic 
hydrogen to carbon ratio greater than about 0.70, and wheriein the atomic hydrogen to 
carbon ratio is less than about 1 .65; and / 

producing a mixture from the formation. / 

1 884. The method of claim 1 883, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons wimin the selected section of the 
formation. / 

1 885. The method of claim 1 883, fiirther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

1 886. The method of claim 1 883, wherein the one or more heat sources comprise 
electrical heaters. / 

1887. The method of claim 1883, wherein the one or more heat sources comprise 
surface burners. / 

1 888. The method of claim 1 883, iwherein the one or more heat sources comprise 
flameless distributed combustors. / 

1889. The method of claim 188B, wherein the one or more heat sources comprise natural 
distributed combustors. / 
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1 890. The method of claim 1883, further comprising controlnng a pressure and a 
temperature within at least a majority of the selected sectiocf of the formation, wherein 
the pressure is controlled as a function of temperature, or/the temperature is controlled as 
a function of pressure. / 

1 891 . The method of claim 1 883, further comprising controlling the heat such that an 
average heating rate of the selected section is lessihan about 1 per day during 
pyrolysis. / 

1 892. The method of claim 1883, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pjn-olyzes at least some hydrocarbons wdthin the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the ecmation: 

Pwr ^ h'^V^Cy^'^PB / 

wherein Pwr is the heating energy/day, A is an average heating rate of the . 
formation, Pb is formation bulk c|ensity, and wherein the heating rate is less than about 10 
°C/day. 

1 893 . The method of claim 
transferring heat substantial! 

1 894. The method of claim 1 883, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m **C). 

1895. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons having ap API gravity of at least about 25°. 



|f883, wherein allowing the heat to transfer comprises 
by conduction. 
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ire comprises condensable 
% by weight of the 

1897. The method of claim 1 883, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratioyof ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 io about 0.15. 

1 898. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 Vby weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1899. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

1900. The method of claim 1883, v^erein the produced mixture comprises condensable 
hydrocarbons, and wherein less tham about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocapons is sulfur. 

1 901 . The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5/% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

1 902. The method of claini 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 



1 896. The method of claim 1 883, wherein the produced mi> 
hydrocarbons, and wherein about 0.1 % by weight to about 
condensable hydrocarbons are olefins. 
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1903. The method of claim 1 883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight ofirhe condensable 
hydrocarbons comprises multi-ring aromatics with more tMn two rings. 

1904. The method of claim 1883, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1 905. The method of claim 1 883, wherein the pi/oduced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weigm to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1 906. The method of claim 1 883, wherein me produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen isf less than about 80 % by volume of the non- 
condensable component. / 

1907. The method of claim 1883, wMerein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 f/o by weight of the produced mixture is ammonia. 

1908. The method of claim 1883,Avherein the produced mixture comprises ammonia, 
and wherein the ammonia is used lo produce fertilizer. 

1 909. The method of claim 1 886, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolut^. 

1910. The method of claim 1 
produce the mixture, wherein 
about 0.5 bar. 
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}83, further comprising controlling formation conditions to 
. partial pressure of H2 within the mixture is greater than 



1911. The method of claim 1910, wherein the partial p/essure of H2 within the mixture 
is measured when the mixture is at a production well. 

1912. The method of claim 1883, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons f^m the formation having carbon 
numbers greater than about 25. 

1913. The method of claim 1883, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

1914. The method of claim 1883, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section /vith heat from hydrogenation. 

1915. The method of claim 1883, njitner comprismg: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of /he produced condensable hydrocarbons with at least a 

portion of the produced hydrogen J 

1916. The method of claim 1883, wherein allowing the heat to transfer comprises 
increasing a permeability of a i]^ajority of the selected section to greater than about 100 
millidarcy. 

1917. The method of claim /1883, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



1918. The method of claim 1883, further comprising controlling the heat to yield greater 
than about 60 % by weigh| of condensable hydrocarbons, as measured by the Fischer 
Assay. 
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1919. The method of claim 1883, wherein producing the mixture cc/mprises producing 
the mixture in a production well, and wherein at least about 7 heat/sources are disposed in 
the formation for each production well. / 

1920. The method of claim 1 883, further comprising proyiding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. / 

1 92 1 . The method of claim 1 883, further composing providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

1922. A method of treating a hydrocaroon containing formation in situ, comprising: 
providing heat from one or more heat sources to a selected section of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation to pyrolyze hydrocarbons within the selected section; 

wherein at least some hydrocarbons within the selected section have an initial 
atomic hydrogen to carbon ratjo greater than about 0.70; 

wherein the initial atomic hydrogen to carbon ration is less than about 1.65; and 

producing a mixture m-om the formation. 

1923. The method of claim 1922, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at lea^ some hydrocarbons within the selected section of the 
formation. / 
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1 924. The method of claim 1 922, further comprising maintaining/a temperature within 
the selected section within a pyrolysis temperature range. / 

1925. The method of claim 1 922, wherein the one or more heat sources comprise 
electrical heaters. / 

1926. The method of claim 1922, wherein the one or more heat sources comprise 
surface bumers. / 

1927. The method of claim 1922, wherein the one^or more heat sources comprise 
flameless distributed combustors. / 

1928. The method of claim 1922, wherein the one or more heat sources comprise natural 
distributed combustors. / 

1929. The method of claim 1922, further comprising controlling a pressure and a 
temperature within at least a majority ofihe selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

1930. The method of claim 1922,4urther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 93 1 . The method of claim 1 922, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)of the hydrocarbon containing formation from the 
one or more heat sources, \\perein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 
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wherein heating energy/day provided to the volume is egual to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pe is formation bulk density, and wherein the/neating rate is less than about 10 
°C/day. / 

1932. The method of claim 1922, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

1933. The method of claim 1922, wherein n/oviding heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greatemhan about 0.5 W/(m °C). 

1934. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravityyof at least about 25°. 

1935. The method of claim 192X wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the . 
condensable hydrocarbons areyolefins. 

1936. The method of claim 1922, wherein the produced mixture comprises non- 
condensable hydrocarbon^, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

1937. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and Wierein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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1938. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

1939. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by Weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

1940. The method of claim 1922, wherein the^*^ produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight /o about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols/ 

1 94 1 . The method of claim 1 922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater tWan about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

1942. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises mum-ring aromatics with more than two rings. 

1943. The method of claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

1944. The method of/claim 1922, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1945. The method of claim 1922, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen. 
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wherein the hydrogen is greater than about 10 % by volume of 
component, and wherein the hydrogen is less than about 80 % \ 
condensable component. / 

1946. The method of claim 1922, wherein the producednmixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1947. The method of claim 1922, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

1948. The method of claim 1922, further comprising controlling a pressure within at 
least a majority of the selected section of thp formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

1949. The method of claim 1922, flirmer comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

1950. The method of claim 1949, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

1951. The method of clairn 1 922, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

1952. The method of claim 1922, further comprising controlling formation conditions 
by recirculating a pomon of hydrogen from the mixture into the formation. 

1953. The method/of claim 1922, further comprising: 

providing Hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 



e non-condensable 
volume of the non- 
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heating a portion of the section with heat from hydrogenapon. 

1954. The method of claim 1922, further comprising: 

producing hydrogen and condensable hydrocarbons/from the formation; and 
hydrogenating a portion of the produced condens^le hydrocarbons with at least a 

portion of the produced hydrogen. 



10 



1955. The method of claim 1922, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 



O 
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1956. The method of claim 1922, whereinyallowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

1957. The method of claim 1922, furjiier comprising controlling the heat to yield greater 
than about 60 % by weight of condeij^able hydrocarbons, as measured by the Fischer 
Assay. 



O 



1958. The method of claim 1922, wherein producing the mixture comprises producing 
20 the mixture in a production welt, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 



1959. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. 
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1 960. The method of claim 1922, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located/in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of thef units are repeated 
over an area of the formation to form a repetitive pattern of units./ 

1 96 1 . A method of treating a hydrocarbon containing formaton in situ, comprising: 
providing heat from one or more heat sources to at l^asX a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using an atomic oxygen ^ 
to carbon ratio of at least a portion of hydrocarbons/in the selected section, wherein at 
least a portion of the hydrocarbons in the selected/section comprises an atomic oxygen to 
carbon ratio greater than about 0.025, and wherein the atomic oxygen to carbon ratio of at 
least a portion of the hydrocarbons in the selected section is less than about 0.15 and 

producing a mixture from the formation. 

1962. The method of claim 1961, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocpbons within the selected section of the 
formation. / 

1 963 . The method of claim 1 96 1 ,y[urther comprising maintaining a temperature within 
the selected section within a pyroiysis temperature range. 

1964. The method of claim 1%!, wherein the one or more heat sources comprise 
electrical heaters. / 

1965. The method of claim 1961, wherein the one or more heat sources comprise 
surface burners. / 

1966. The method of claim 1961, wherein the one or more heat sources comprise 
flameless distributed combustors. 



\ 
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1 967. The method of claim 1 96 1 , wherein the one or more heat source^ comprise natural 
distributed combustors. / 

1 968. The method of claim 1 96 1 , further comprising controlling4 pressure and a 
temperature within at least a majority of the selected section of/che formation, wherein 
the pressure is controlled as a function of temperature, or the/iemperature is controlled as 
a function of pressure. / 

1 969. The method of claim 1 96 1 , further comprising c/ontroUing the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

1 970. The method of claim 1 96 1 , wherein proyding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least sonip hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pm^, 
wherein Pwr is calculated by the equamon: 

Pwr = hWCy^'pB I 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

1 97 1. The method of claim 1961, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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1 972. The method of claim 1 96 1 , wherein providing heat from me one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

1 973 . The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 257. 

1 974. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

1 975. The method of claim 1 96 1 , wherein the^produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0,001 to about 0.15. 

1976. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

1977. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydroca/bons is oxygen. 

1 978. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

1 979. The method of claim 1 96 1 , wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compoimds, and wherein the oxygen 
containing compounds domprise phenols. 
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1980. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the comensable 
hydrocarbons are aromatic compounds. / 

1981. The method of claim 1961, wherein the produced mixtureycomprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of th/condensable 
hydrocarbons comprises multi-ring aromatics with more thanyuwo rings. 

1982. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

1983. The method of claim 1961, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. / 

1984. The method of claim 1961, wherein the produced mixture comprises a non- 
condensable component, wherein the non-cmidensable component comprises hydrogen, 
wherein the hydrogen is greater than about/lO % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

1985. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

1986. The method of claim 1961, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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1987. The method of claim 1 96 1 , further comprising controlling 
least a majority of the selected section of the formation, wherein 1 
is at least about 2.0 bar absolute. / 



/pressure within at 
le controlled pressure 



1 988. The method of claim 1 96 1 , further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 witlyin the mixture is greater than 
about 0.5 bar. 

1 989. The method of claim 1 988, wherein the partia/pressure of H2 within the mixture 
is measured when the mixture is at a production well 

1 990. The method of claim 1 96 1 , further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons/from the formation having carbon 
numbers greater than about 25. 

1991. The method of claim 1961, further cc/mprising controlling formation conditions 
by recirculating a portion of hydrogen fronV the mixture into the formation. 

1 992. The method of claim 1 96 1 , further comprising: 
providing hydrogen (H2) to the ^eated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the sectioA with heat from hydrogenation. 

1 993 . The method of claim 1 96 1 , lurther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion or the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 



1994. The method of claim 1^61, wherein allowing the heat to transfer comprises 
increasing a permeability of ^ majority of the selected section to greater than about 100 
millidarcy. 



V 
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1995. The method of claim 1961, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. / 

1996. The method of claim 1961, further comprising contr/Uing the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons,^ measured by the Fischer 
Assay. / 

1997. The method of claim 1961, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at le^st about 7 heat sources are disposed in 
the formation for each production well / 

1998. The method of claim 1961, further comprising providing heat from three or more 
heat sources to at least a portion of the formsttion, wherein three or more of the heat 
sources are located in the formation in a umt of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

1 999. The method of claim 1 96 1 , fumier comprising providing heat from three or more 
heat sources to at least a portion of tne formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2000. A method of treating af hydrocarbon containing formation in situ, comprising 
providing heat from ^ne or more heat sources to a selected section of the 

formation; / 

allov^g the heat tp transfer from the one or more heat sources to the selected 
section of the formation to p)Tolyze hydrocarbons within the selected section; 

wherein at least Some hydrocarbons within the selected section have an initial 
atomic oxygen to carbdn ratio greater than about 0.025; 



559 



Conley, Rose & Tayon, P C. 



wherein the initial atomic oxygen to carbon ratio is less than apout 0.15; and 
producing a mixture from the formation. 

2001. The method of claim 2000, wherein the one or more heaty^ources comprise at 
least two heat sources, and wherein superposition of heat fronyat least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

2002. The method of claim 2000, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2003. The method of claim 2000, wherein the on^ or more heat sources comprise 
electrical heaters. 

2004. The method of claim 2000, wherein throne or more heat sources comprise 
surface burners. 

2005. The method of claim 2000, whereirythe one or more heat sources comprise 
flameless distributed combustors. 

2006. The method of claim 2000, whe/ein the one or more heat sources comprise natural 
distributed combustors. 

2007. The method of claim 2000, fjirther comprising controlling a pressure and a 
temperature within at least a majoriiy of the selected section of the formation, wherein 
the pressure is controlled as a func/ion of temperature, or the temperature is controlled as 
a function of pressure. 



2008. The method of claim 200p, further comprising controlling the heat such that an 
average heating rate of the selecied section is less than about 1 °C per day during 
pyrolysis. 
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2009. The method of claim 2000, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, v^herein the formation has an average iieat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume^is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, pe is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2010. The method of claim 2000, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction./ 

2011 . The method of claim 2000, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2012. The method of claim 2000, ^erein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2013. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

2014. The method of claim 2000, wherein the produced mixture comprises non- 
condensable hydrocarbons/ and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



561 



Conley, Rose & Tayon, P.C. 



20 1 5 . The method of claim 2000, wherein the produced mixture comprises obndensabie 
hydrocarbons, and wherein less than about 1 % by weight, when calculated/on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

2016. The method of claim 2000, wherein the produced mixture emprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2017. The method of claim 2000, wherein the produced rmxture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight; when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

201 8. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

2019. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2020. The method of claim 2000, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring ar^atics with more than two rings. 

202 1 . The method of claim 2000, 
hydrocarbons, and wherein less ths 
hydrocarbons are asphaltenes. 



lerein the produced mixture comprises condensable 
about 0.3 % by weight of the condensable 
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2022. The method of claim 2000, wherein the produced mixture comphses condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by wdght of the 
condensable hydrocarbons are cycloalkanes. / 

2023. The method of claim 2000, wherein the produced mixtures comprises a non- 
condensable component, wherein the non-condensable compoiient comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume ol the non-condensable 
component, and wherein the hydrogen is less than about 80 jA by volume of the non- 
condensable component. / 

2024. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of tMe produced mixture is ammonia. 

2025. The method of claim 2000, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2026. The method of claim 2000, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2027. The method of claim 2000, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2028. The method of claim 2027, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is ac a production well. 

2029. The method of claim 2060, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 23. 
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2030. The method of claim 2000, further comprising controUing foraiafion conditions 
by recirculating a portion of hydrogen from the mixture into the formaxion. 

203 1 . The method of claim 2000, further comprising: / 

providing hydrogen (H2) to the heated section to hydroaenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrcfgenation. 

2032. The method of claim 2000, further comprising: / 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced conoensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2033. The method of claim 2000, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2034. The method of claim 2000, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a majority of the selected 
section. 

2035. The method of claim 2000, f 
than about 60 % by weight of condei 
Assay. I 

2036. The method of claim 2000 J wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each productioi^ well. 

2037. The method of claim 20i 
heat sources to at least a portion 

/ 
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per comprising controlling the heat to yield greater 
; hydrocarbons, as measured by the Fischer 



jo, further comprising providing heat from three or more 
' of the formation, wherein three or more of the heat 



sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. / 

2038. The method of claim 2000, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein thjTee or more of the heat 
sources are located in the formation in a unit of heat source/, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plumlity of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2039. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the orte or more heat sources to a selected 
section of the formation; / 

wherein the selected section has been selected for heating using a moisture 
content in the selected section, and wherein at least a portion of the selected section 
comprises a moisture content of less thanyabout 15%; and 

producing a mixture from the fomiation. 

2040. The method of claim 2039, wherein the one or more heat sources comprise at 
least two heat sources, and wherein s(uperposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2041 . The method of claim 203i9, fiirther comprising maintaining a temperature within 
the selected section within a pyyolysis temperature range. 

2042. The method of claim 2j039, wherein the one or more heat sources comprise 
electrical heaters. / 
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2043. The method of claim 2039, wherein the one or more heat soiorces comprise 
surface burners. / 

2044. The method of claim 2039, wherein the one or more h^at sources comprise 
flameless distributed combustors. / 

2045. The method of claim 2039, wherein the one or niore heat sources comprise natural 
distributed combustors. / 

2046. The method of claim 2039, further comprismg controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2047. The method of claim 2039, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2048. The method of claim 2039, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V)pf the hydrocarbon containing formation from the 
one or more heat sources, wherein thp formation has an average heat capacity (Cy), and 
wherein the heating p5Tolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the /equation: 

Pwr = * F*Cv *Pb I 

wherein Pwr is the heatmg energy/day, /z is an average heating rate of the 
formation, Pb is formation bulW density, and wherein the heating rate is less than about 10 
X/day. I 
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2049. The method of claim 2039, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

2050. The method of claim 2039, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a/thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

205 1 . The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2052. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by wefeht to about 1 5 % by weight of the 
condensable hydrocarbons are olefins. / 

2053. The method of claim 2039, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges fromyabout 0.001 to about 0.15. 

2054. The method of claim 2039, vmerein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2055. The method of claim 2019, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydyocarbons is oxygen. 

2056. The method of claim 2039, wherein the produced mixture comprises condensable 
hydrocarbons, and whereiry less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable Hydrocarbons is sulfur. 
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2057. The method of claim 2039, wherein the produced mixture comprises Condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of th/condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the ^xygen 
containing compounds comprise phenols. 

5 

2058. The method of claim 2039, wherein the produced mixture/Comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight ^ the condensable 
hydrocarbons are aromatic compounds. 

10 ' 2059. The method of claim 2039, wherein the producedymixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weimt of the condensable 
hydrocarbons comprises multi-ring aromatics with mpe than two rings. 

2060. The method of claim 2039, wherein the produced mixture comprises condensable 
15 hydrocarbons, and wherein less than about 0.3 Vfhy weight of the condensable 
hydrocarbons are asphaltenes. 



2061. The method of claim 2039, wherein me produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanfes. 



u ■ 



2062. The method of claim 2039, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater thaiy about 10 % by volume of the non-condensable 
25 component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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2063. The method of claim 2039, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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2064. The method of claim 2039, wherein the produced mixture C9mprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2065. The method of claim 2039, further comprising controll/ng a pressure within at 
least a majority of the selected section of the formation, wh^ein the controlled pressure 
is at least about 2.0 bar absolute. 

2066. The method of claim 2039, further comprising c/ontroUing formation conditions to 
produce the mixture, wherein a partial pressure of Hi/vithin the mixture is greater than 
about 0.5 bar. 

2067. The method of claim 2066, wherein the n4rtial pressure of H2 within the mixture 
is measured when the mixture is at a production well, 

2068. The method of claim 2039, further comprising altering a pressure within the 
formation to inhibit production of hydroc^ons from the formation having carbon 
numbers greater than about 25. 

2069. The method of claim 2039, furt^ler comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2070. The method of claim 2039, further comprising: 
providing hydrogen (H2) tcf the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

2071 . The method of claim 2039, further comprismg: 

producing hydrogen and condensable hydrocarbons fi:om the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2072. The method of claim 2039, wherein allowing the heat to transfer coi 
increasing a permeability of a majority of the selected section to greater tha 
millidarcy. / 



prises 
about 100 



2073. The method of claim 2039, wherein allowing the heat to transfer further 
comprises substantially uniformly increasing a permeability of a ipajority of the selected 
section. 

2074. The method of claim 2039, further comprising contr|(Jlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons,^ measured by the Fischer 
Assay. 

2075. The method of claim 2039, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at lea^ about 7 heat sources are disposed in 
the formation for each production well. 

2076. The method of claim 2039, further comp/ising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit pf heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. 

2077. The method of claim 2039, furthec^comprising providing heat from three or more 
heat sources to at least a portion of the fdimation, wherein three or more of the heat 
sources are located in the formation in a uiiit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem,/and wherein a plurality of the units are repeated 
over an area of the formation to forma repetitive pattem of units: 

2078. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or piore heat sources to a selected section of the 

formation; 
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allowing the heat to transfer from the one or more heat sources to the selected 
section of the formation; / 

wherein at least a portion of the selected section has an initial moisture content of 
less than about 15%; and / 

producing a mixture from the formation. / 

2079. The method of claim 2078, wherein the one or morer heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within tho^'^selected section of the 
formation. / 

2080. The method of claim 2078, ftirther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature/range. 

208 1 . The method of claim 2078, wherein the pno or more heat sources comprise 
electrical heaters. / 

2082. The method of claim 2078, wherein/the one or more heat sources comprise 
surface burners. / 

2083. The method of claim 2078, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2084. The method of claim 2078, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2085. The method of claim 2018, fiirther comprismg controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as aiunction of temperature, or the temperature is controlled as 
a function of pressure. / 
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2086. The method of claim 2078, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C peryuay during 
pyrolysis. 



5 2087. The method of claim 2078, wherein providing heat frojn the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (fO of the hydrocarbon p6ntaining formation from the 
one or more heat sources, wherein the formation has an iiverage heat capacity (Cy), and 
wherein the heating pyrolyzes at least some hydrocarl^ns within the selected volume of 
10 the formation; and 

wherein heating energy/day provided to th^^volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h^V'^Cv^pB 

wherein Pwr is the heating energy/day is an average heating rate of the 
15 formation, ps is formation bulk density, and ^herein the heating rate is less than about 10 
°C/day. 



ru 



20 



2088. The method of claim 2078, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduc/ion. 

2089. The method of claim 2078, whirein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is gceater than about 0.5 W/(m °C). 



25 2090. The method of claim 2078,/wherein the produced mixture comprises condensable 
hydrocarbons havuig an API gravifty of at least about 25°. 



2091 . The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 



30 condensable hydrocarbons are o 



efins. 
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2092. The method of claim 2078, wherein the produced mixmre comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2093. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

2094. The method of claim 2078, wherein the p/oduced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 %yoy weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2095. The method of claim 2078, wherein Ahe produced mixture comprises condensable 
hydrocarbons, and wherein less than abouV 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2096. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise pMenols. 

2097. The method of claim IQlk, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2098. The method of claim M78, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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2099. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2100. The method of claim 2078, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by Weight of the 
condensable hydrocarbons are cycloalkanes. / 

2101. The method of claim 2078, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about SO % by volume of the non- 
condensable component. / 

2102. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight ot the produced mixture is ammonia. 

2103. The method of claim 2078, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2 1 04. The method of claim 2078, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2105. The method of claim 2078, fiirtner comprising controlling formation conditions to 
produce the mixture, wherein a partial roressure of H2 within the mixture is greater than 
about 0.5 bar. / 

2 1 06. The method of claim 2105, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at/a production well. 
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2107. The method of claim 2078, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2108. The method of claim 2078, further comprising contrmling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2 1 09. The method of claim 2078, fiirther comprising: / 

providing hydrogen (H2) to the heated sectionyio hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2110. The method of claim 2078, further comprising: 

producing hydrogen and condensable Hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2111. The method of claim 2078, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority /of the selected section to greater than about 100 
millidarcy. / 

21 12. The method of claim 2078, yvvherein allowing the heat to transfer further 
comprises substantially uniforms increasing a permeability of a majority of the selected 
section. / 

2113. The method of claim 2078, further comprising controlling the heat to yield greater 
than about 60 % by weight of/condensable hydrocarbons, as measured by the Fischer 
Assay. / 
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2114. The method of claim 2078, wherein producing the mixture comprise/ producing 
the mixture in a production well, and wherein at least about 7 heat sourcey^ are disposed in 
the formation for each production well. 

2115. The method of claim 2078, further comprising providing hi^at from three or more 
heat sources to at least a portion of the formation, wherein three^r more of the heat 
sources are located in the formation in a unit of heat sources, jmd wherein the unit of heat 
sources comprises a triangular pattern. 



10 2116. The method of claim 2078, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherem a plurality of the units are repeated 
over an area of the formation to form a repetiti\je pattern of units. 

15 

2117. A method of treating a hydrocarbon c/ontaining formation in situ, comprising: 

providing heat from one or more h^t sources to at least a portion of the 
formation; 

allowing the heat to transfer froiy( the one or more heat sources to a selected 
20 section of the formation; 

wherein the selected section i^ heated in a reducing environment during at least a 
portion of the time that the selected section is being heated; and 
producing a mixture from tMe formation. 



25 2118. The method of claim 2117, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least somqf hydrocarbons within the selected section of the 
formation. 



30 2119. The method of claim E 1 1 7, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 
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2120. The method of claim 2117, wherein the one or more heat sources comprise 
electrical heaters. / 

2121. The method of claim 2117, wherein the one or more lieat sources comprise 
surface burners. / 

2122. The method of claim 2117, wherein the one or more heat sources comprise 
flameless distributed combustors. / 

2123. The method of claim 2117, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2 1 24. The method of claim 2117, further C(4mprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function oj temperature, or the temperature is controlled as 
a function of pressure. / 

2125. The method of claim 2117, mrther comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 per day during 
pyrolysis. / 

2126. The method of claim 2117, wherein providing heat from the one or more heat 
sources to at least the portioryof formation comprises: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation; 

i 
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wherein Pwr is the heating energy/day, A is an average heating rate cff the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
^C/day. * / 

2127. The method of claim 2117, wherein allowing the heat to tj^sfer comprises 
transferring heat substantially by conduction. / 

2128. The method of claim 2117, wherein providing hea/ from the one or more heat 
sources comprises heating the selected section such that/a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2129. The method of claim 21 17, wherein the pr(5duced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2130. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % byXveight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2131. The method of claim 2117, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges firom about 0.001 to about 0.15. 

2132. The method of claim 211/7, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein les^ than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hyd/ocarbons is nitrogen. 

2133. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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2134. The method of claim 2117, wherein the produced mixture compris^ condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

2135. The method of claim 2117, wherein the produced mixtui?e comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % bvAveight of the condensable 
hydrocarbons comprise oxygen containing compounds, and^wherein the oxygen 
containing compounds comprise phenols. / 

2136. The method of claim 21 17, wherein the prodi/ced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2137. The method of claim 21 17, wherein tMe produced mixture comprises condensable 
hydrocarbons, and wherein less than about d % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2138. The method of claim 21 17, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2139. The method of claim 2117, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2140. The method of claim 2117, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein thfe hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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2141. The method of claim 2117, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2 1 42. The method of claim 2117, wherein the produced mixture c)2miprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2143. The method of claim 2117, further comprising contr«(lling a pressure within at 
least a majority of the selected section of the formation, yherein the controlled pressure 
is at least about 2.0 bar absolute. 

2 1 44. The method of claim 2117, further comprisiiig controlling formation conditions t( 
produce the mixture, wherein a partial pressure ^ H2 within the mixture is greater than 
about 0.5 bar. 

2145. The method of claim 2144, wherein/the partial pressure of H2 within the mixture 
is measured when the mixture is at a production welL 

2146. The method of claim 2117, fumier comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2147. The method of claim 211^, further comprising controlling formation conditions 
by recirculating a portion of hyclrogen from the mixture into the formation. 

2 1 48. The method of claim 2117, further comprising: 
providing hydrogen ^2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion offthe section with heat from hydrogenation. 



2149. The method 

producing hydrogdn 



of claitn 2117, further comprising: 

and condensable hydrocarbons from the formation; and 
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hydrogenating a portion of the produced condensable hydrocarbon^ with at least a 
portion of the produced hydrogen. / 

2150. The method of claim 2117, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2151. The method of claim 2117, wherein allowing the heart to transfer comprises 
substantially uniformly increasing a permeability of a maiprity of the selected section. 

2152. The method of claim 2117, further comprising Controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2153. The method of claim 2117, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. / 

2154. The method of claim 2117, further oomprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a mnit of heat sources, and wherein the imit of heat 
sources comprises a triangular pattern. / 

2155. The method of claim 2117, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation nn a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and wherein a plurality of the imits are repeated 
over an area of the formation to fojfm a repetitive pattern of units. 

2156. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of me formation to produce a mixture from the formation; 
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heating a second section of the formation; and / 

recirculating a portion of the produced mixture from theyiirst section into the 

second section of the formation to provide a reducing enviromnent within the second 

section of the formation. / 

2157. The method of claim 2156, further comprising msuntaining a temperature within 
the first section or the second section within a pyrolysisr temperature range. 

2158. The method of claim 2156, wherein heating me first or the second section 
comprises heating with an electrical heater. / 

2159. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a surface bumer. / 

2160. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a flameless distributed combustor. 

2161. The method of claim 2156, wherein heating the first or the second section 
comprises heating with a natural distributed combustor. 

2162. The method of claim 2156, further comprising controlling a pressure and a 
temperature within at least a majoriw of the first or second section of the formation, 
wherein the pressure is controlled as a fimction of temperature, or the temperature is 
controlled as a fiinction of pressure. 

2163. The method of claim 2 1 56, fiirther comprising controlling the heat such that an 
average heating rate of the first/or the second section is less than about 1 °C per day 
during pyrolysis. / 

2164. The method of claim il56, wherein heating the first or the second section 
comprises: I 
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heating a selected volume (V)of the hydrocarbon containing formatipn from one 
or more heat sources, wherein the formation has an average heat capacity /Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons wdthin the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal/to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h^V'^Cy'^pB / 

wherein Pwr is the heating energy/day, his an averag^^ heating rate of the 
formation, ps is formation bulk density, and wherein the hearting rate is less than about 10 
°C/day. / 

2165. The method of claim 2156, wherein heating the first or the second section 
comprises transferring heat substantially by conduction. 

2166. The method of claim 2156, wherein heating the first or the second section 
comprises heating the first or the second section such that a thermal conductivity of at 
least a portion of the first or the second section is greater than about 0.5 W/(m °C). 

2167. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°, 

2168. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2169. The method of claim 2156, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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2170. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when Calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

2171. The method of claim 2156, wherein the produced niixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight/ when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2172. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfiir. / 

2173. The method of claim 2156, wherein tho^produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

2174. The method of claim 2156, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

2175. The method of claim 2156,ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-rijiig aromatics with more than two rings. 

2 1 76. The method of claim 2 
hydrocarbons, and wherein les 
hydrocarbons are asphaltenes/ 



), wherein the produced mixture comprises condensable 
; than about 0.3 % by weight of the condensable 
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2177. The method of claim 2156, wherein the produced 
hydrocarbons, and wherein about 5 % by weight to about 
condensable hydrocarbons are cycloalkanes. / 



lixture comprises condensable 
0%by weight of the 



2178. The method of claim 2156, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condens(able component comprises hydrogen, 
wherein the hydrogen is greater than about 10 %/by volume of the non-condensable 
component, and wherein the hydrogen is less tpm about 80 % by volume of the non- 
condensable component. 

2 1 79. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2 1 80. The method of claim 2156, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2181. The method of claim 2156/ further comprising controlling a pressure within at 
least a majority of the first or second section of the formation, wherein the controlled 
pressure is at least about 2,0 bay absolute. 

2 1 82. The method of claim 2156, further comprising controlling formation conditions to 
produce the mixture, whereip a partial pressure of H2 wdthin the mixture is greater than 
about 0.5 bar. 

2183. The method of cl^m 2 1 82, wherein the partial pressure of H2 wdthin the mixture 
is measured when the mixture is at a production well. 



2184. The method of cj 
formation to inhibit 
numbers greater than 



aim 2156, further comprising altering a pressure within the 
prolduction of hydrocarbons from the formation having carbon 
about 25. 
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2185. The method of claim 2156, further comprising/ 

providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section; ana 

heating a portion of the first or second section with heat fi*om hydrogenation. 

2 1 86. The method of claim 2156, further comprising: 

producing hydrogen and condensableiiydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. / 

2187. The method of claim 2156, wherein heating the first or the second section 
comprises increasing a permeability of a majority of the first or the second section to 
greater than about 100 millidarcy. / 

2188. The method of claim 2156 / wherein heating the first or the second section 
comprises substantially uniformly increasing a permeability of a majority of the first or 
the second section. / 

21 89. The method of claim 2fl 56, further comprising controlling the heat to yield greater 
than about 60 % by weight 01 condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2190. The method of claim 2156, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 

2191. The method of claim 2 1 56, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a imit of heat sources, and wherein the unit of heat 
sources comprises a trijingular pattern. 
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2 1 92. The method of claim 2156, further aomprismg providing heat from three or more 
heat sources to at least a portion of the fomiation, wherein three or more of the heat 
sources are located in the formation in a Anit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, md wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2T93T~7nnStllDd'of1rea^^ 

providing heat from one or more heat sources to at least a portion of the 
formation; and y 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that a permeability of at least a portion of the s^ldcted 
section increases to greater than about 100 millidarcy. 

2194. The method of claim 2193, wherein the one or more h^at sources comprise at 
least two heat sources, and wherein superposition of heatffom at least the two heat 
sources pyrolyzes at least some hydrocarbons within/me selected section of the 
formation. 

2195. The method of claim 2193, furflfer comprising maintaining a temperature within 
the selected section within a pyrojysis temperature range. 

2196. The method of claim 2193, wherein the one or more heat sources comprise 
electrical heaters. X 

2197. The m^od of claim 2 1 93 , wherein the one or more heat sources comprise 
surface burners. 

2 1 9» . The method of claim 2193, wherein the one or more heat sources comprise 

flameleSS distributPd pnmhn<:tnrg ^ ■ 
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'5199. The method of claim 2193, wherein the one or more heat sources comprisen^fural 
distributed combustors. y 

2200. The method of claim 2193, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

220 1 . The method of claim 2193, further comprisir{g controlling the heat such that an 
average heating rate of the selected section is les/than about 1 °C per day during 
pyrolysis. / 

2202. The method of claim 2 193, wherein providing heat from the one or more heat 
sources to at least the portion of fomuftion comprises: 

heating a selected volume {j) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes A least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculatea by the equation: 

wherein Pwr the heating energy/day, is an average heating rate of the 
formation, Pb is fonnation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2203 . The method of claim 2193, wherein allowing the heat to transfer comprises 
transferring/neat substantially by conduction. 

2204. /he method of claim 2193, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of thg..setectea^'section is greater than about 0.5 W/(m "^C). ' ' * 



588 



Conley, Rose & Tayon, P C. 



2205. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2206. The method of claim 2193, further comprising producing a mixture from the 
formation, w^herein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2207. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2208. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2209. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2210. The method of claim 2193, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about I % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfiir. 



589 



Conley, Rose & Tayon, P.C. 



2211. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

2212. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2213. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

2214. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2215. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 



2216. The method of claim 2193, further compnsi^^f^^^g a mixture from the 
formation, wherein the produced mixture co^jrisgfanon-condensable component, 
wherein the non-condensable copjpcJiierit comprises hydrogen, wherein the hydrogen is 
greater than about 10 % hy^Iume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume oftMTi5rr-cuudcusaye=CQ^ponent. 
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2217. The method of claim 2193, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

22 1 8. The method of claim 2 1 93 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 



22ia.--3%eTnefEod^f claim 2193, further rnmpri^ingJ^rmtiM^ a p rrss i ir r ^^fflltn^t - 

least a majority of^e-seleeted-^gcfionof the formation, wherein the controlled pressure 
is aLLeasfabgutXO-bar-ab^^Iute^ 

method of claim 2193, further comprising controlling formation conditions to 
a mixture from the formation, wherein a partial pressure of H2 within the mixture 
eater Jhm about 0.5 bar. 




The method of claimy2220, further comprising producing a mixture from the 
formation, wherein the p^ial pressure of H2 within the mixture is measured when the 
20 mixture is at a production well. 



ethod of claim 2193, further comprising altering a pressure within the 
inhibit production of hydrocarbons from the formation having carbon 
r than about 25. 

2223. The method of claim 2193, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 




25 



50 -2^4t— The-tnethod of claiffl^l S3_, further comprising: 
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providing hydrogen (H2) to the heated sect! 
within the section; and 

heating-a-|K>rt ion of thes g£tioj]uwife4ieat^om hydrogenation 



ate hydrocarbons 




2225 . The method of clahn 2193, further comprising; 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least \ 

portion of the produced hydrogen. 



2224— Th e - nieJiud of clahn 219 3, further comprisiti ng uicreashig dpeiiiieability o fT 
majority of the selected section to greater than about 5 Darcy. 



2227. The method of claim 2193, wherein allowing the heat to transfer conipnses 
substantially uniformly increasing a permeability of a majority of the sele^ed section. 

2228. The method of claim 2193, further comprising controlling/the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as gaeasured by the Fischer 
Assay. 

2229. The method of claim 2193, further comprising producing a mixture in a 
production well, wherein at least about 7 heat ^emrces are disposed in the formation for 
each production well. 

2230. The method of claim 2193^^i{irther comprising providing heat from three or more 
heat sources to at least a portiof^of the formation, wherein three or more of the heat 
sources are located in the fe^raiation in a unit of heat sources, and wherein the unit of heat 
sources compnses a tntogular pattern. 



223 1 . The nvefhod of claim 2 1 93 , further comprising providing heat from three or more 
heat soured to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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^.SQmi:fisx0mpnseratrian^ pattern, and wherein a plurality of the imitsareTepeated 

over an area of the formation to form a repetitive pattern of units. / 

2232. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion o^e 

formation; and X 

allowing the heat to transfer from the one or more heat soup^s to a selected 
section of the formation such that a permeability of a majoritv/of at least a portion of the 
selected section increases substantially imiformly. / 

2233. The method of claim 2232, wherein the onyor more heat sources comprise at 
least two heat sources, and wherein superpositipn of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

• 2234. The method of claim 2232yfurther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2235. The method of claim 2232, wherein the one or more heat sources comprise 
electrical heaters. / 

2236. The method of claim 2232, wherein the one or more heat sources comprise 
surface bumers/ 

2237. The method of claim 2232, wherein the one or more heat sources comprise 
flameless distributed combustors. 

22^8. The method of claim 2232, wherein the one or more heat sources comprise natural 
nistributed combystor-S: ' 
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2597" The method ot claim 2232, ftulKefi 



introlling a pressure and a 



wher 



temperature within at least a majority of the selected section of the formation, 
the pressure is controlled as a function of temperature, or the temperature is c;3fitrolled as 
a function of pressure. 



2240. The method of claim 2232, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about^ °C per day during 
pyrolysis. 



O 
l=?" 



m 



10 2241 . The method of claim 2232, wherein provj^ding heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) ofmc hydrocarbon containing formation from the 
one or more heat sources, wherein tiae formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes ^tleast some hydrocarbons within the selected volume of 
15 the formation; and 

wherein heatiji^energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is cafculated by the equation: 

lerein Pwr is the heating energy/day, /z is an average heating rate of the 
20 fonn^tion, Pb is formation bulk density, and wherein the heating rate is less than about 10 



2242. The method of claim 2232, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 




^243 . 1 he meifiod of claina_2233rwhefSrrproviding heat from the one or more heat 
sourcescpmpfises heating the selected section such that a thermal conductivity of at least 
>tj6rtiori,o£lh^-scl:egtcd section is greatgrtfaan-about-fltjLJS^/ (m °C). 



594 



Conley, Rose & Tayon, P.C. 



2244. The method of claim 2232, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. 

2245. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 

2246. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. 

2247. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

2248. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2249. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2250. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
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about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. 

225 1 . The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. 

2252. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings, 

2253. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. 

2254. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. 

22557 TKeme!^ti=ef=^jm 2232, further comprising producing a mixture from the 
formation, wheremj^ieproduced mixture comprises a non-condensable component, 
wherein the^jf6n-condensable component comprises hydrogen, wherein the hydrogen is 
greatejj^an about 10 % by volume of the non-condensable component, and wherein the 
hyaTOgeTHs4^s=#iafff^SSW%^y volume of the non-condensable component. 
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2256. The method of claim 2232, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 



5 2257. The method of claim 2232, further comprising producing a mixture from the 

formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 





2258. The melHod of claim 225^^thgiLg£H3:yri sing controlling a pressure wM iin at 
10 least a majoritvo£tbe-selected section of the formation, wherein the controlled pressure 
is at-ieSst about 2.0 bar absolutes 



ethod of claim 2232, further comprising controlling formation conditions to 
a mixture from the formation, wherein a partial pressure of H2 within the mixture 



15 





eater than about 0.5 bar. 



d ^^260. The method of clai^ 2232, further comprising producing a mixture from the 
formation, wherein the partial pressure of H2 within the mixture is measured when the 
mixture is at a produ^on well. 

method of claim 2232, further comprising altering a pressure within the 
to inhibit production of hydrocarbons from the formation having carbon 
er than about 25. 




25 2262. The method of claim 2232, further comprismg producmg a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 



The method of claim 2232, further comprising^ 
30 providing lwdj:ogeri:tH2)To"5i^ section to hydrogenate hydrocarbons 

within thja-secuon: and 
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h^^g ^ p^ri v" ' nf il n rg^g^irmrwt th heat fro m iiydrogenation. 



2264. The meth^)f claim 2232, further compnsing: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hy^genating a portion of the produced condensable hydrocarbons with at least a 

portionMAe^^^ced hydrogen. 



10 



'2265r-^FfaeT iiethod of claii tt^23a,jadlgldr ^ the hear toteansferj^^ 



increasing a permeability of a majority of the selected section to greater than about 10^ 
millidarcy. <? 



M 
O 



2266. The method of claim 2232, further comprising controlling the heat tp/yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured ^he Fischer 
Assay. 

2267. The method of claim 2232, further comprising producing a mixture in a 
production well, wherein at least about 7 heat sources ar^isposed in the formation for 
each production well . 



3 hr 

£ 20 



2268. The method of claim 2232, further c^fhprising providing heat from three or more 
heat sources to at least a portion of the^ymiation, wherein three or more of the heat 
sources are located in the formatiop^ a unit of heat sources, and wherein the unit of heat 
sources comprises a triangulajvpattem. 



25 



30 



2269. The method ofclaun 2232, further comprising providing heat from three or more 
heat sources to eAenst a portion of the formation, wherein three or more of the heat 
sources are^ated in the formation in a unit of heat sources, wherein the unit of heat 
source§/^mprises a triangular pattern, and wherein a plurality of the units are repeated 
ovef an aregj 



lationToTorm a repetitive pattern ^furritsr— 



^2m-A ^cthod of tr eating.Ala:drQ£arb&i i Lo nl uin hig f u iu i iii on m situ, com pn^^ixxs. 
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providing heat from one or more heat sources to at /east a portion of the 
formation; and / 

allowing the heat to transfer from the one or mo/e heat sources to a selected 
section of the formation such that a porosity of a majority of at least a portion of the 
selected section increases substantially uniformly. / 

227 1 . The method of claim 2270, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2272. The method of claim 2270, fiirther comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2273. The method of claim 2270, wherein the one or more heat sources comprise 
electrical heaters. / 

2274. The method of claim 2270, wlierein the one or more heat sources comprise 
surface burners. / 

2275. The method of claim 2270, Avherein the one or more heat sources comprise 
flameless distributed combustors. / 

2276. The method of claim 2270, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2277. The method of claim 2270, further comprising controlling a pressure and a 
temperature within at least a niajority of the selected section of the formation, wherein 
the pressure is controlled as a {function of temperature, or the temperature is controlled as 
a fiuiction of pressure. 
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2278. The method of claim 2270, further comprising controlling me heat such that an 
average heating rate of the selected section is less than about 1 ^CVper day during 
pyrolysis. / 

2279. The method of claim 2270, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (JO of the hydrocarbon Containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = h''V'^Cy''pB / 

wherein Pwr is the heating energy/day, Ms an average heating rate of the 
formation, pB is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2280. The method of claim 2270, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

228 1 . The method of claim 2270, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2282. The method of claim 2270, f 
formation, wherein the produced mi: 
API gravity of at least about 25°. / 

2283. The method of claim 2271 
formation, wherein the produced 
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ler comprising producing a mixture from the 
iiture comprises condensable hydrocarbons having an 



fiirther comprising producing a mixture from the 
lixture comprises condensable hydrocarbons, and 



wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2284. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-oiondensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2285. The method of claim 2270, further commising producing a mixture from the 
formation, wherein the produced mixture conmrises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2286. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixtidre comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2287. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 

2288. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing comppunds, and wherein the oxygen containing compounds comprise 
phenols. 

2289. The method of « 
formation, wherein the 
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f laim 2270, further comprising producing a mixture from the 
produced mixture comprises condensable hydrocarbons, and 



wherein greater than about 20 % by weight of the condensable hydrocarbong are aromatic 
compounds. / / 

2290. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises coiadensable liydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / / 

2291 . The method of claim 2270, further coim>rising Deducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight or the condensable hydrocarbons are 
asphaltenes. / / 

2292. The method of claim 2270, fimher comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to afcout 30 ?^by weight of the condensable hydrocarbons 
are cycloalkanes. / / 

2293. The method of clainy2270, furaier comprising producing a mixture from the 
formation, wherein the produced mimire comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %yDy volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 %^y volume of the non-condensable component. 

2294. The method m claim 22r70, further comprising producing a mixture from the 
formation, wherein ihe produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2295. The method of claim 2270, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2296. The method of claim 2270, further comprising controUlng a pressure within at 
least a majority of the selected section of the formation, wljprein the controlled pressure 
is at least about 2.0 bar absolute. 

5 

2297. The method of claim 2270, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a ];^ial pressure of H2 within the mixture 
is greater than about 0.5 bar. 

10 2298. The method of claim 2270, further cie^mprising producing a mixture from the 
formation, wherein the partial pressure of ^2 within the mixture is measured when the 
mixture is at a production well. 
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2299. The method of claim 2270, fyhher comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2300. The method of claim 2^70, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the fohnation. 

2301 . The method of claim 2270, further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and/ 

heating a portion of the section with heat from hydrogenation. 



30 



2302. The method of claim 2270, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenatifng a portion of the produced condensable hydrocarbons with at least a 

portion of the procmiced hydrogen. 
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2303. The method of claim 2270, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2304. The method of claim 2270, wherein allowing the heat tp transfer comprises 
substantially uniformly increasing a permeability of a majoriHy of the selected section. 

2305. The method of claim 2270, further comprising coi/trolling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2306. The method of claim 2270, further comprising producing a mixture in a 
production well, and wherein at least about 7 heatysources are disposed in the formation 
for each production well. / 

2307. The method of claim 2270, further comprising providing heat from three or more 
heat sources to at least a portion of the formalion, wherein three or more of the heat 
sources are located in the formation in a unil of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2308. The method of claim 2270, fiirtlpr comprising providing heat from three or more 
heat sources to at least a portion of theyrbrmation, wherein three or more of the heat 
sources are located in the formation im a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the imits are repeated 
over an area of the formation to form a repetitive pattern of units. 

2309. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 
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controlling the heat to yield at least about 15 % by weight of aytotal organic 
carbon content of at least some of the hydrocarbon containing formation into condensable 
hydrocarbons. / 



23 10. The method of claim 2309, wherein the one or more mat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the sdected section of the 
formation. 

23 11 . The method of claim 2309, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

23 12. The method of claim 2309, wherein the o^e or more heat sources comprise 
electrical heaters. 

23 1 3. The method of claim 2309, wherein ^e one or more heat sources comprise 
surface bumers. 

23 14. The method of claim 2309, wherj^in the one or more heat sources comprise 
flameless distributed combustors. 

23 15. The method of claim 2309, vy^ierein the one or more heat sources comprise natural 
distributed combustors. 



23 16. The method of claim 2309, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a fi/nction of temperature, or the temperature is controlled as 
a function of pressure. 
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23 17. The method of claim 2309, further comprising controlling the heat/uch that an 
average heating rate of the selected section is less than about 1 °C per daty during 
pyrolysis. / 

23 1 8. The method of claim 2309, wherein providing heat fromyUie one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbcms within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the j^olume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr = hWCy^ps / 

wherein Pwr is the heating energy/daw /? is an average heating rate of the 
formation, is formation bulk density, and /wherein the heating fate is less than about 10 
°C/day. / 

23 1 9. The method of claim 2309, wh/rein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2320. The method of claim 2309, wherein providing heat from the one or more heat 
sources comprises heating the aelected section such that a thermal conductivity of at least 
a portion of the selected secti(/n is greater than about 0.5 W/(m °C). 

2321 . The method of claim 2309, fiirther comprising producing a mixture from the 
formation, wherein the p/oduced mixture comprises condensable hydrocarbons having an 
API gravity of at least a/bout 25°. 

2322. The method ©f claim 2309, further comprising producing a mixture from the 
formation, whereinAhe produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensablof hydrocarbons 
are olefins. / 

2323. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensablor hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2324. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculate(yon an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2325. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2326. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, wlien calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2327. The method of claim 2309, fiirmer comprising producing a mixture from the 
formation, wherein the produced mixrure comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % py weight of the condensable hydrocarbons comprise 
oxygen containing compounds, andf wherein the oxygen containing compounds comprise 
phenols. / 

2328. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
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wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2329. The method of claim 2309, further comprising producing a/mixture from the 
formation, wherein the produced mixture comprises condensable4iydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2330. The method of claim 2309, further comprising pr/ducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

233 1 . The method of claim 2309, further composing producing a mixture from the 
formation, wherein the produced mixture comririses condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % Wy weight of the condensable hydrocarbons 
are cycloalkanes. / 

2332. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixtiire comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % b^ volume of the non-condensable component. 

2333. The method of claim 2309, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of th^produced mixture is ammonia. 

2334. The method of claii 
formation, wherein the pro< 
is used to produce fertilize 
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2309, further comprising producing a mixture from the 
uced mixture comprises ammonia, and wherein the ammonia 



2335. The method of claim 2309, further comprising controllmg a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2336. The method of claim 2309, further comprisins/controlling formation conditions to 
produce a mixture from the formation, wherein a panial pressure of H2 within the mixture 
is greater than about 0,5 bar. / 

2337. The method of claim 2309, further corriprising producing a mixture from the 
formation, wherein the partial pressure of H/within the mixture is measured when the 
mixture is at a production well. / 

2338. The method of claim 2309, fiirtner comprising ahering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2339. The method of claim 2309, fiirther comprising producing a mixture from the 
formation and controlling formaliion conditions by recirculating a portion of hydrogen 
from the mixture into the fommtion. 

2340. The method of clainy2309, fiuther comprising: 

providing hydrogen/(H2) to the heated section to hydrogenate hydrocarbons 
v^thin the section; and / 

heating a portion of the section with heat from hydrogenation. 

2341 . The method of claim 2309, ftirther comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 
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2342. The method of claim 2309, wherein allowing the heat to transferlcomprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2343. The method of claim 2309, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majoritVof the selected section. 

2344. The method of claim 2309, wherein the heating is oontroUed to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2345. The method of claim 2309, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat s(&urces are disposed in the formation 
for each production well. / 

2346. The method of claim 2309, further comprising providing heat from three or more 
heat sources to at least a portion of the formanon, wherein three or more of the heat 
sources are located in the formation in a unii of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2347. The method of claim 2309, furtl/er comprising providing heat from three or more 
heat sources to at least a portion of ther formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2348. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to ^ansfer from the one or more heat sources to a selected 
section of the formation; ana 



Conley, Rose & Tayon, P.C. 



controlling the heat to yield greater than about 60 % by weight of coEidensable 
hydrocarbons, as measured by the Fischer Assay. / 

2349. The method of claim 2348, wherein the one or more heat souses comprise at 
least two heat sources, and wherein superposition of heat from at Least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected^ section of the 
formation. / 

2350. The method of claim 2348, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

235 1 . The method of claim 2348, wherein the one or more heat sources comprise 
electrical heaters. / 

2352. The method of claim 2348, wherein the 6ne or more heat sources comprise 
surface burners. / 

2353. The method of claim 2348, wherein me one or more heat sources comprise 
flameless distributed combustors. / 

2354. The method of claim 2348, wherjein the one or more heat sources comprise natural 
distributed combustors. 

2355. The method of claim 2348, f 
temperature within at least a majorit 
the pressure is controlled as a functij 
a function of pressure. 

2356. The method of claim 2348 
average heating rate of the selected 
pyrolysis. 



ler comprising controlling a pressure and a 
of the selected section of the formation, wherein 
)n of temperature, or the temperature is controlled as 



I further comprising controlling the heat such that an 
section is less than about 1 °C per day during 
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2357. The method of claim 2348, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (10 of the hydrocarbon containing forrafation from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within thcyselected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is eqml to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr ^ h'^V'Cy'^PB / 

wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2358. The method of claim 2348, wherein allowing me heat to transfer comprises 
transferring heat substantially by conduction. / 

2359. The method of claim 2348, wherein proviaing heat from the one or more heat 
sources comprises heating the selected section sidch that a thermal conductivity of at least 
a portion of the selected section is greater than ^bout 0.5 W/(m °C). 

2360. The method of claim 2348, fiirther o 
formation, wherein the produced mixture co 
API gravity of at least about 25°. / 

2361 . The method of claim 2348, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to aboutf 15 % by weight of the condensable hydrocarbons 
are olefins. / 



iprising producing a mixture from the 
iprises condensable hydrocarbons having an 
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2362. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises non-condensable liydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hwocarbons ranges 
from about 0.001 to about 0.15. / 

2363. The method of claim 2348, fiuther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated onr an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2364. The method of claim 2348, further comprisin^roducing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2365. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture conw)rises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. / 

2366. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wperein the oxygen containing compoimds comprise 
phenols. 

2367. The method of claim 2348, 
formation, wherein the produced m 
wherein greater than about 20 % b 
compounds. 



ler comprising producing a mixture from the 
fixture comprises condensable hydrocarbons, and 
weight of the condensable hydrocarbons are aromatic 
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2368. The method of claim 2348, further comprising producing a mixture/from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable, hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2369. The method of claim 2348, further comprising producing/a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable Mydrocarbons are 
asphaltenes. / 

2370. The method of claim 2348, further comprising p/oducing a mixture from the 
formation, wherein the produced mixture comprises ccmdensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weimt of the condensable hydrocarbons 
are cycloalkanes. / 

2371 . The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherem the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2372. The method of claim 2348, further comprising producing a mixture from the 
formation, wherein the produced mixtiure comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2373. The method of claim 2348, mrther comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. / 
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2374. The method of claim 2348, further comprising controlling a priessure within at 
least a majority of the selected section of the formation, wherein thexontroUed pressure 
is at least about 2.0 bar absolute. / 

2375. The method of claim 2348, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2376. The method of claim 2348, further comprising^producing a mixture from the 
formation, wherein the partial pressure of H2 withirythe mixture is measured when the 
mixture is at a production well. / 

2377. The method of claim 2348, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2378. The method of claim 2348, furthiir comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. / 

2379. The method of claim 2348/further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the/section with heat from hydrogenation. 

2380. The method of claimG348, further comprising: 

producing hydrogen/and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hvdrogen. 
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238 1. The method of claim 2348, wherein allowing the heat to transfer/comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2382. The method of claim 2348, wherein allowing the heat tor transfer comprises 
substantially uniformly increasing a permeability of a majoriw of the selected section. 

2383. The method of claim 2348, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production well. / 

2384. The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2385. The method of claim 2348, further comprising providing heat from three or more 
heat sources to at least a portion of the fommtion, wherein three or more of the heat 
sources are located in the formation in a umt of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, ana wherein a plurality of the units are repeated 
over an area of the formation to form a cepetitive pattern of units. 

2386. A method of treating a hydrocarbon containing formation in situ, comprising: 
heating a first section of the fiormation to pyrolyze at least some hydrocarbons in 

the first section and produce a first ihixture firom the formation; 

heating a second section ofAhe formation to pyrolyze at least some hydrocarbons 
in the second section and produce/a second mixture fi*om the formation; and 

leaving an unpyrolyzed section between the first section and the second section to 
inhibit subsidence of the formation. 
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2387. The method of claim 2386, further comprising maintaining a termerature within 
the first section or the second section within a pyrolysis temperature r^ge. 

2388. The method of claim 2386, wherein heating the first sectioii or heating the second 
section comprises heating with an electrical heater. / 

2389. The method of claim 2386, wherein heating the first /ection or heating the second 
section comprises heating with a surface burner. / 

2390. The method of claim 2386, wherein heating the^first section or heating the second 
section comprises heating with a flameless distributed combustor. 

2391 . The method of claim 2386, wherein heatmg the first section or heating the second 
section comprises heating with a natural distributed combustor. 

2392. The method of claim 2386, further comprising controlling a pressure and a 
temperature within at least a majority of the first or second section of the formation, 
wherein the pressure is controlled as a fimction of temperature, or the temperature is 
controlled as a function of pressure. / 

2393. The method of claim 2386, 
average heating rate of the first or < 
pyrolysis. / 

2394. The method of claim 2386, wherein heating the first section or heating the second 
section comprises: / 

heating a selected voliime (F) of the hydrocarbon containing formation from one 
or more heat sources, wherein the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzcs at least some hydrocarbons within the selected volume of 
the formation; and / 



ler comprising controlling the heat such that an 
fecond section is less than about 1 °C per day during 
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wherein heating energy/day provided to the volume is equal /to or less than Pwr, 

w^herein Pwr is calculated by the equation: / 
Pwr = h'^V^C^'^ps I 
wherein Pwr is the heating energy/day, A is an averager heating rate of the 

formation, is formation bulk density, and wherein the hea(ting rate is less than about 10 

°C/day. / 

2395. The method of claim 2386, wherein heating thef first section or heating the second 
section comprises transferring heat substantially by induction. 

2396. The method of claim 2386, wherein heating the first section or heating the second 
section comprises heating the formation such that a thermal conductivity of at least a 
portion of the first or second section, respectiv^y, is greater than about 0.5 W/(m °C). 

2397. The method of claim 2386, wherein tne first or second mixture comprises 
condensable hydrocarbons having an API gravity of at least about 25°. 

2398. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein About 0.1 % by weight to about 15 % by weight 
of the condensable hydrocarbons are olefins. 

2399. The method of claim 2386, wherein the first or second mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges firom about 0.001 to about 0.15. 

2400. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 1 % by weight, when calculated 
on an atomic basis, of the condmsable hydrocarbons is nitrogen. 
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2401 . The method of claim 2386, wherein the first or second mixxure comprises 
condensable hydrocarbons, and wherein less than about 1 % by height, when calculated 
on an atomic basis, of the condensable hydrocarbons is oxygep. 

2402. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about i % by weight, when calculated 
on an atomic basis, of the condensable hydrocarbons i/ sulfur. 

2403 . The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

2404. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic /compounds. 

2405. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

2406. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, ana wherein less than about 0.3 % by weight of the 
condensable hydrocarbons arc asphaltenes. 

2407. The method of claim 2386, wherein the first or second mixture comprises 
condensable hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons are cycloalkanes. 



2408. The method of claim 2386, wherein the first or second mixture comprises a non- 



condensable componem 



, and wherein the non-condensable component comprises 
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hydrogen, and wherein the hydrogen is greater than about 10 % by volume^of the non- 
condensable component and wherein the hydrogen is less than about SO//0 by volume of 
the non-condensable component. 

2409. The method of claim 2386, wherein the first or second mixture comprises 
ammonia, and wherein greater than about 0.05 % by weight cjf the first or second mixture 
is ammonia. 

2410. The method of claim 2386, wherein the first or^cond mixture comprises 
ammonia, and wherein the ammonia is used to product fertilizer. 

241 1 . The method of claim 2386, fiuther comprising controlling a pressure within at 
least a majority of the first or second section of ^e formation, wherein the controlled 
pressure is at least about 2.0 bar absolute. 

2412. The method of claim 2386, fiirther comprising controlling formation conditions to 
produce the first or second mixture, wherein a partial pressure of H2 within the first or 
second mixture is greater than about 0.5 yOar. 

2413. The method of claim 2386, wWerein a partial pressure of H2 within the first or 
second mixture is measured when the first or second mixture is at a production well. 

2414. The method of claim 23 80, fiirther comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25/' 

2415. The method of claim/2386, fiarther comprising controlling formation conditions 
by recirculating a portion 01 hydrogen from the first or second mixture into the formation. 



2416. The method of claim 2386, fiirther comprising: 



V 
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providing hydrogen (H2) to the first or second section to hydrogenate 
hydrocarbons within the first or second section, respectively; and / 

heating a portion of the first or second section, respectively, ywith heat fi-om 
hydrogenation. / 

24 1 7. The method of claim 23 86, further comprising: / 

producing hydrogen and condensable hydrocarbonsyfrom the formation; and 
hydrogenating a portion of the produced condensaple hydrocarbons with at least a 
portion of the produced hydrogen. / 

241 8. The method of claim 2386, wherein heating ttte first section or heating the second 
section comprises increasing a permeability of a magority of the first or second section, 
respectively, to greater than about 100 millidarcy./ 

24 1 9. The method of claim 2386, wherein hearting the first section or heating the second 
section comprises substantially uniformly in^easing a permeability of a majority of the 
first or second section, respectively. / 

2420. The method of claim 2386, fiirther comprising controlling heating of the first or 
second section to yield greater than about 60 % by weight of condensable hydrocarbons, 
as measured by the Fischer Assay, from the first or second section, respectively. 

2421 . The method of claim 2386, wherein producing the first or second mixture 
comprises producing the first or second mixture in a production well, and wherein at least 
about 7 heat sources are disposed/in the formation for each production well. 

2422. The method of claim 2^86, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the fomiation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangmar pattern. 
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2423. The method of claim 2386, further comprising providing heaft from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wnerein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2424. A method of treating a hydrocarbon containingaormation in situ, comprising: 
providing heat from one or more heat source^ to at least a portion of the 

formation; / 

alloying the heat to transfer from the oner or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation through one or more production wells, 
wherein the heating is controlled such that tne mixture can be produced from the 
formation as a vapor, and wherein at least about 7 heat sources are disposed in the 
formation for each production well. / 

2425. The method of claim 2424, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2426. The method of claim 2424, fiirther comprising maintaining a temperature within 
the selected section within a nyrolysis temperature range. 

2427. The method of claim 2424, wherein the one or more heat sources comprise 
electrical heaters. / 

2428. The method of cliim 2424, wherein the one or more heat sources comprise 
surface burners, / 
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2429. The method of claim 2424, wherein the one or more heat s/urces comprise 
flameless distributed combustors. 

2430. The method of claim 2424, wherein the one or mor/heat sources comprise natural 
distributed combustors. 

243 1 . The method of claim 2424, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temper;ature, or the temperature is controlled as 
a function of pressure. 

2432. The method of claim 2424, further </omprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 



2433 . The method of claim 2424, Wherein providing heat from the one or more heat 
sources to at least the portion of fonnation comprises: 

heating a selected volume'^(F) of the hydrocarbon containing formation from the 
one or more heat sources, wheresin the formation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes/at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating ene/gy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated py the equation: 
Pwr = A*F*CvV^ 

wherein Pwr is tme heating energy/day, /z is an average heating rate of the 



formation, Pb is formati 
°C/day. 



2434. The method 
transferring heat 



in bulk density, and wherein the heating rate is less than about 10 



oflclaim 2424, wherein allowing the heat to transfer comprises 
substantially by conduction. 



623 



Conley, Rose & Tayon, P.C. 



2435. The method of claim 2424, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal condyctivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

2436. The method of claim 2424, wherein the produced mixture J^mprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2437. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to abouylS % by weight of the 
condensable hydrocarbons are olefins. 

2438. The method of claim 2424, wherein the producy^d mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratia of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.00 lAo about 0.15. 

2439. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % tty weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2440. The method of claim 2424, wherein tMe produced mixture comprises condensable 
hydrocarbons, and wherein less than about y % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is bxygen. 

2441 . The method of claim 2424, wherean the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons/is sulfur. 



2442. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by Aveight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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2443. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of me condensable 
hydrocarbons are aromatic compounds. / 

2444. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more man two rings. 

2445. The method of claim 2424, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % byXveight of the condensable 
hydrocarbons are asphaltenes. / 

2446. The method of claim 2424, wherein the^produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weimit to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanesy 

2447. The method of claim 2424, wherem the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than apout 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2448. The method of claim 2424; wherein the produced mixture comprises ammonia, 
and wherein greater than about 0(05 % by weight of the produced mixture is ammonia. 

2449. The method of claim 2424, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 
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2450. The method of claim 2424, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2451 . The method of claim 2424, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within me mixture is greater than 
about 0.5 bar. / 

2452. The method of claim 2452, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well./ 

2453. The method of claim 2424, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons worn the formation having carbon 
numbers greater than about 25 . / 

2454. The method of claim 2424, further comprising controlling formation conditions 
by recirculating a portion of hydrogen fronythe mixture into the formation. 

2455. The method of claim 2424, further comprising: 

providing hydrogen (H2) to the neated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with heat from hydrogenation. 

2456. The method of claim 2424,lf[xrihcT comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2457. The method of claim ^24, wherein allowing the heat to transfer comprises 
increasing a pemieability of a majority of the selected section to greater than about 100 
millidarcy. / 
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2458. The method of claim 2424, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority ofthe selected section. 

2459. The method of claim 2424, wherein the heating is comroUed to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by the Fischer Assay. 

2460. The method of claim 2424, further comprising n/oviding heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat/sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

2461 . The method of claim 2424, further conprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unix of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, ana wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

2462. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation, wherein the one or mop heat sources are disposed within one or more first 
wells; / 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; and / 

producing a mixture from the formation through one or more second wells, 
wherein one or more of thetfirst or second wells are initially used for a first purpose and 
are then used for one or more other purposes. 

2463. The method of cFaim 2462, wherein the first purpose comprises removing water 
from the formation, and wherein the second purpose comprises providing heat to the 
formation. / 
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2464. The method of claim 2462, wherein the first purpose comprises removiiig water 
from the formation, and wherein the second purpose comprises producing theonixture. 

2465. The method of claim 2462, wherein the first purpose comprises heating, and 
wherein the second purpose comprises removing water fi"om the formation. 

2466. The method of claim 2462, wherein the first purpose comppises producing the 
mixture, and wherein the second purpose comprises removing wstter fi'om the formation. 

2467. The method of claim 2462, wherein the one or more Ifeat sources comprise 
electrical heaters. / 

2468. The method of claim 2462, wherein the one or more heat sources comprise 
surface burners. / 

2469. The method of claim 2462, wherein the one/ov more heat sources comprise 
flameless distributed combustors. / 

2470. The method of claim 2462, wherein throne or more heat sources comprise natural 
distributed combustors. / 

2471 . The method of claim 2462, further comprising controlling a pressure and a 
temperature within at least a majority of ttte selected section of the formation, wherein 
the pressure is controlled as a function oy temperature, or the temperature is controlled as 
a function of pressure. / 

2472. The method of claim 2462, fumher comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 .0 C per day during 
pyrolysis. / 
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2473. The method of claim 2462, wherein providing heat from the one or m9re heat 
sources to at least the portion of the formation comprises: 

heating a selected volume (F) of the hydrocarbon containing fomi^tion from the 
one or more heat sources, wherein the formation has an average heat capacity (Cv), and 
5 wherein the heating pyrolyzes at least some hydrocarbons within the fleeted volume of 
the formation; and 

wherein heating energy/day provided to the volume is eqi^l to or less than Pwr, 
wherein Fwr is calculated by the equation: 

10 wherein Pwr is the heating energy/day, is an average heating rate of the 

formation, pb is formation bulk density, and wherein the Ideating rate is less than about 10 
°C/day. 

2474. The method of claim 2462, wherein providing heat from the one or more heat 
15 sources comprises heating the selected section such that a thermal conductivity of at least 

a portion of the selected section is greater than about 0.5 W/(m °C). 
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2475. The method of claim 2462, wherein thp produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2476. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about O.l %yDy weight to about 15 % by weight of the 
condensable hydrocarbons are olefins, y 



25 2477. The method of claim 2462, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges/from about 0.001 to about 0.15. 



2478. The method of claim 2452, wherein the produced mixtiu-e comprises condensable 
30 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 
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2479. The method of claim 2462, wherein the produced mixture comprises cfondensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated^on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

2480. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when callculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. / 

2481 . The method of claim 2462, wherein the produced mimire comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, ami wherein the oxygen 
containing compounds comprise phenols. / 

2482. The method of claim 2462, wherein the prodxiced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 %yDy weight of the condensable 
hydrocarbons are aromatic compounds. / 

2483. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2484. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2485. The method of claim 2462, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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2486. The method of claim 2462, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the n^-condensable 
component, and wherein the hydrogen is less than about 80 % by /olume of the non- 
condensable component. / 

2487. The method of claim 2462, wherein the produced nuxture comprises anmionia, 
and wherein greater than about 0.05 % by weight of the /roduced mixture is anmionia. 

2488. The method of claim 2462, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

2489. The method of claim 2462, further comprising controlling a pressure within at 
least a majority of the selected section of the^brmation, wherein the controlled pressure 
is at least about 2.0 bar absolute. / 

2490. The method of claim 2462, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

2491 . The method of claim 249jO, wherein the partial pressure of H2 is measured when 
the mixture is at a production well 

2492. The method of claim/2462, further comprising altering a pressure within the 
formation to inhibit produoxion of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

2493. The method of claim 2462, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 
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2494. The method of claim 2462, further comprising: / 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

within the section; and / 
heating a portion of the section with heat from hydrogenatiian. 

2495. The method of claim 2462, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

2496. The method of claim 2462, wherein allowing themeat to transfer comprises 
increasing a permeability of a majority of the selected Section to greater than about 100 
millidarcy. / 

2497. The method of claim 2462, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2498. The method of claim 2462, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. / 

2499. The method of claim 2462, whei/bin producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production wen. 

2500. The method of claim 2462, lurther comprising providing heat from three or more 
heat sources to at least a portion or the formation, wherein three or more of the heat 
sources are located in the formation in a imit of heat sources, and wherein the unit of heat 
sources comprises a triangular pjittem. 

2501 . The method of claim 24 
heat sources to at least a portio] 




32, further comprising providing heat from three or more 
of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a friangular pattern, and wherein a plurality of me units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2502. A method for forming heater wells in a hydrocarbon^ontaining formation, 
comprising: / 

forming a first wellbore in the formation; / 

forming a second wellbore in the formation usftng magnetic tracking such that the 
second wellbore is arranged substantially parallel to the first wellbore; and 

providing at least one heating mechanism/within the first wellbore and at least one 
heating mechanism within the second wellbore iuch that the heating mechanisms can 
provide heat to at least a portion of the formation. 

2503. The method of claim 1, wherein simerposition of heat firom the at least one 
heating mechanism within the first wellbore and the at least one heating mechanism 
within the second wellbore pyrolyzes ax least some hydrocarbons within a selected 
section of the formation. / 

2504. The method of claim 2502/ further comprising maintaining a temperature within a 
selected section within a pyroly&ls temperature range. 

2505. The method of claim 2502, wherein the heating mechanisms comprise electrical 
heaters. / 

2506. The method of claim 2502, wherein the heating mechanisms comprise surface 
bumers. / 

2507. The method oyclaim 2502, wherein the heating mechanisms comprise flameless 
distributed combusto/s. 
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2508. The method of claim 2502, wherein the heating mechanisms conpfprise natural 

distributed combustors. 
♦ 

2509. The method of claim 2502, further comprising controUin/a pressure and a 
temperature within at least a majority of a selected section of mQ formation, wherein the 
pressure is controlled as a function of temperature, or the teij4^erature is controlled as a 
function of pressure. 

2510. The method of claim 2502, further comprising /ontroUing the heat from the 
heating mechanisms such that heat transferred from the heating mechanisms to at least 
the portion of the hydrocarbons is less than about IPC per day during pyrolysis. 

2511. The method of claim 2502, further composing: 

heating a selected volume iV)of the hydrocarbon containing formation from the 
heating mechanisms, wherein the formation his an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some Jaydrocarbons wdthin the selected volume of 
the formation; and 

wherein heating energy/day provic^d to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equatio]/ 
Pwr = hW^Cy'^pB 

wherein Pwr is the heating ene/gy/day, /z is an average heating rate of the 
formation, Pb is formation bulk densi^, and wherein the heating rate is less than about 10 
°C/day. 

2512. The method of claim 2502/ further comprising allowing the heat to transfer from 
the heating mechanisms to at leaj^ the portion of the formation substantially by 
conduction. 



25 1 3. The method of claim 25132, further comprising providing heat from the heating 
mechanisms to at least the port on of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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25 14. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrcrcarbons having an 
API gravity of at least about 25°. / 

25 1 5. The method of claim 2502, fixrther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by weight of^e condensable hydrocarbons 
are olefins. / 

25 1 6. The method of claim 2502, fiirther comprising/producing a mixture from the 
formation, wherein the produced mixture comprisesynon-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.00 1 to about 0. 1 5. / 

25 1 7. The method of claim 2502, fiirther comprising producing a mixture from the 
fomiation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

25 1 8. The method of claim 2502, fiutner comprising producing a mixture from the 
formation, wherein the produced mix^c^ comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxyafen. 

25 19. The method of claim 2502, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % m weight, when calculated on an atomic basis, of the 
condensable hydrocarbons i^sulfur. 
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2520. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrociarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containina^ompounds comprise 
phenols. / 

2521 . The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2522. The method of claim 2502, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture compri/es condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2523. The method of claim 2502, further comprising producing a mixture from the 
formation, wherein the produced mixture Comprises condensable hydrocarbons, and 
wherein less than about 0,3 % by weigh/ of the condensable hydrocarbons are 
asphaltenes. / 

2524. The method of claim 2502, rarther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to ahfout 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2525. The method of claim 2502, fiirther comprising producing a mixture from the 
formation, wherein the produceja mixture comprises a non-condensable component, 
wherein the non-condensable domponent comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volUne of the non-condensable component, and wherein the 
hydrogen is less than about 80.% by volume of the non-condensable component. 
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2526. The method of claim 2502, flirther comprising producing a mixture ^om the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. / 

2527. The method of claim 2502, further comprising producing /mixture from the 
formation, wherein the produced mixture comprises ammonia, £(nd wherein the ammonia 
is used to produce fertilizer. / 

2528. The method of claim 2502, further comprising controlling a pressure within at 
least a majority of a selected section of the formation,ywherein the controlled pressure is 
at least about 2.0 bar absolute. / 

2529. The method of claim 2528, wherein the partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2530. The method of claim 2502, further Comprising producing a mixture from the 
formation, wherein the partial pressure 0FH2 within the mixture is measured when the 
mixture is at a production well. 

253 1 . The method of claim 2502, 
formation to inhibit production of 1 
numbers greater than about 25 . / 

2532. The method of claim 2j02, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the foiynation. 

2533. The method of clai] 
providing hydrogei 

formation; and / 
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ler comprising altering a pressure within the 
hydrocarbons from the formation having carbon 



2502, further comprising: 

(H2) to the portion to hydrogenate hydrocarbons within the 



heating a portion of the formation with heat from hydrogepation. 

2534. The method of claim 2502, further comprising: 
producing hydrogen and condensable hydrocarbon^ from the formation; and 
hydrogenating a portion of the produced condei^able hydrocarbons with at least a 

portion of the produced hydrogen. 

2535. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section su^h that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2536. The method of claim 2502, further comprising allowing heat to transfer from the 
heating mechanisms to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected Section such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2537. The method of clainy2502, further comprising controlling the heat to yield greater 
than about 60 % by weighyof condensable hydrocarbons, as measured by the Fischer 
Assay. 

2538. The method of claim 2502, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat sources are disposed in the formation 
for each production Avell. 

2539. The method of claim 2502, further comprising forming a production well in the 
formation using magnetic tracking such that the production well is substantially parallel 
to the first wellpore and coupling a wellhead to the third wellbore. 

2540. The nlethod of claim 2502, further comprising providing heat from three or more 
heat sources io at least a portion of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and wherehi the unit of heat 
sources comprises a triangular pattern. / 

2541 . The method of claim 2502, further comprising providing/neat from three or more 
heat sources to at least a portion of the formation, wherein th^e or more of the heat 
sources are located in the formation in a unit of heat sourc)^, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a jmrality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2542. A method for installing a heater well in^ a hydrocarbon containing formation, 
comprising: / 

forming a bore in the ground using a/steerable motor and an accelerometer; and 
providing a heating mechanism wrthin the bore such that the heating mechanism 
can transfer heat to at least a portion <^ the formation. 

2543. The method of claim 254?, further comprising installing at least two heater wells, 
and wherein superposition of heat from at least the two heater wells pyrolyzes at least 
some hydrocarbons within a^selected section of the formation. 

2544. The method of clAm 2542, further comprising maintaining a temperature within a 
selected section within>a pyrolysis temperature range. 

2545. The methodyof claim 2542, wherein the heating mechanism comprises an 
electrical heater. / 

2546. The mefliod of claim 2542, wherein the heating mechanism comprises a surface 
burner. / 

2547. The/method of claim 2542, wherein the heating mechanism comprises a flameless 
distributees combustor. 
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2548. The method of claim 2542, wherein the heating mechanism (Comprises a natural 
distributed combustor. / 

2549. The method of claim 2542, further comprising controlling a pressure and a 
temperature within at least a majority of a selected sectior/of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. / 

2550. The method of claim 2542, further compHsing controlling the heat from the 
heating mechanism such that heat transferredyft'om the heating mechanism to at least the 
portion of the formation is less than about l/°C per day during pyrolysis. 

2551. The method of claim 2542, flirmer comprising: 

heating a selected volume (Vyof the hydrocarbon containing formation from the 
heating mechanism, wherein the foraiation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, is an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

2552. The method pf claim 2542, further comprising allov^ng the heat to transfer from 
the heating mechamsm to at least the portion of the formation substantially by 
conduction. / 

2553. The method of claim 2542, further comprising providing heat from the heating 
mechanism to at least the portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 
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2554. The method of claim 2542, further comprising producing^ mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of at least about 25°. / 

2555. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises /ondensable hydrocarbons, and 
wherein about 0.1 % by weight to about 15 % by Weight of the condensable hydrocarbons 
are olefins. / 

2556. The method of claim 2542, further c(omprising producing a mixture from the 
formation, wherein the produced mixturexomprises non-condensable hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

2557. The method of claim 25^2, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 Vby weight, when calculated on an atomic basis, of the 
condensable hydrocarbonyis nitrogen. 

2558. The method of^laim 2542, fiirther comprising producing a mixture from the 
formation, wherein tMe produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

2559. The mdhod of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less/than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfur. 
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2560. The method of claim 2542, further comprising producing /mixture from the 
formation, wherein the produced mixture comprises condensahlfe hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the conden^ble hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols, / 

2561 . The method of claim 2542, further comnnsing producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than about 20 % by weighr of the condensable hydrocarbons are aromatic 
compounds. / 

2562. The method of claim 2542yiurther comprising producing a mixture from the 
formation, wherein the produced^ mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more tlpn two rings. 

2563. The method of ^laim 2542, further comprising producing a mixture from the 
formation, wherein tke produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the condensable hydrocarbons are 
asphaltenes. / 

2564. The rriethod of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein apout 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cyclo4lkanes. 

2565. / The method of claim 2542, further comprising producing a mixture from the 
fonnation, wherein the produced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 
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2566. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammoma, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2567. The method of claim 2542, further comprising producing a mixture from the 
formation, wherein the produced mixture compr^es ammonia, and wherein the ammonia 
is used to produce fertilizer. 

2568. The method of claim 2542, fiirth^ comprising controlling a pressure within at 
least a majority of a selected section o^the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. 

2569. The method of claim 2542, further comprising controlling formation conditions to 
produce a mixture from the fo/mation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bary 

2570. The method of claim 2569, wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

2571 . The method of claim 2542, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater man about 25. 

2572. The mefthod of claim 2542, further comprising producing a mixture from the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. 

2573. The method of claim 2542, further comprising: 

providing hydrogen (H2) to the at least the heated portion to hydrogenate 
hydrocaroons within the formation; and 
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heating a portion of the formation with heat from hydrogei^tion. 

2574. The method of claim 2542, further comprising: 

producing hydrogen and condensable hydrocarbons £^om the formation; and 
hydrogenating a portion of the produced condensate hydrocarbons with at least a 

portion of the produced hydrogen. 
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2575. The method of claim 2542, further comprisiiafg allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 
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2576. The method of claim 2542, fiirther/comprising allowing heat to transfer from the 
heating mechanism to a selected section/of the formation to pyrolyze at least some 
hydrocarbons within the selected sectii&n such that a permeability of a majority of the 
selected section increases substantially uniformly. 

2577. The method of claim 2542, fiirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

2578. The method of claim 2542, fiirther comprising producing a mixture in a 
production well, and wherein at least about 7 heating mechanisms are disposed in the 
formation for each production well. 

2579. The method of claim 2542, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located An the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises/a triangular pattern. 
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2580. The method of claim 2542, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, whereni the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of^e units are repeated 
over an area of the formation to form a repetitive pattern of uiiixs. 

258 1 . A method for installing of wells in a hydrocarbor/containing formation, 
comprising: / 

forming a wellbore in the formation by geosteered drilling; and 
providing a heating mechanism within the wellbore such that the heating 
mechanism can transfer heat to at least a portion of the formation. 

2582. The method of claim 258 1 , further /omprising maintaining a temperature within a 
selected section within a pyrolysis tempe/ature range. 

2583. The method of claim 258 1 , wjierein the heating mechanism comprises an 
electrical heater. / 

2584. The method of claim 25y5l, wherein the heating mechanism comprises a surface 
burner. / 

2585. The method of claim 2581, wherein the heating mechanism comprises a flameless 
: distributed combustor. / 

2586. The method of claim 258 1 , wherein the heating mechanism comprises a natural 
distributed combustor. 

2587. The methoa of claim 2581, further comprising controlling a pressure and a 
temperature within at least a majority of a selected section of the formation, wherein the 
pressure is controlled as a function of temperature, or the temperature is controlled as a 
function of pressure. 
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2588. The method of claim 258 1 , further comprising controlUftg the heat from the 
heating mechanism such that heat transferred from the heatmg mechanism to at least the 
portion of the formation is less than about 1 °C per day during pyrolysis. 

2589. The method of claim 258 1 , further comprising: 

heating a selected volume (F) of the hydrocarbon containing formation from the 
heating mechanism, wherein the formation has m average heat capacity (Cv), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pwr^ 
wherein Pwr is calculated by the equation: 

Pwr ^ h'^V'^Cy'^PB / 

wherein Pwr is the heating piergy/day, is an average heating rate of the 
formation, ps is formation bulk dpsity, and wherein the heating rate is less than about 10 
°C/day. / 

2590. The method of claimy258 1 , fiirther comprising allowing the heat to transfer from 
the heating mechanism to ai least the portion of the formation substantially by 
conduction. / 

2591. The method of claim 2581, further comprising providing heat from the heating 
mechanism to at least Ahe portion of the formation such that a thermal conductivity of at 
least the portion of the formation is greater than about 0.5 W/(m °C). 

2592. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons having an 
API gravity of aft least about 25°. 

2593. The rnpthod of claim 2581, further comprising producing a mixture from the 
formation, wnerein the produced mixture comprises condensable hydrocarbons, and 
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wherein about 0.1 % by weight to about 15 % by weight of the condensable hydrocarbons 
are olefins. / 

2594. The method of claim 258 1 , further comprising producing a mixture fi"om the 
formation, wherein the produced mixture comprises non-condensaWe hydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable^ydrocarbons ranges 
from about 0.001 to about 0.15. / 

2595. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2596. The method of claim 2581 , further comprising producing a mixture from the 
formation, wherein the produced mixture coniprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, whe/ calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2597. The method of claim 258 1 , furtMer comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weimt, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfii/ 

2598. The method of claim 2581 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to about 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compouncjs, and wherein the oxygen containing compounds comprise 
phenols. 

2599. The method of clan 
formation, wherein the pro* 



2581, further comprising producing a mixture from the 
luced mixture comprises condensable hydrocarbons, and 



647 



Conley, Rose & Tayon, P.C. 



wherein greater than about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 

2600. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2601 . The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 0.3 % by weight ofahe condensable hydrocarbons are 
asphaltenes. / 

2602. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 30 % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2603. The method of clainy258 1 , further comprising producing a mixture from the 
formation, wherein the proauced mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 %f by volume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2604. The method of claim 258 1 , further comprising producing a mixture from the 
formation, wherem the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % bjjr weight of the produced mixture is ammonia. 

2605. The rnpthod of claim 258 1 , further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2606. The method of claim 258 1 , further comprising controlling a pressure within at 
least a majority of a selected section of the formation, wherein the controlled pressure is 
at least about 2.0 bar absolute. / 

2607. The method of claim 2581, further comprising controlling formation conditions to 
produce a mixture from the formation, wherein a partial pressure of H2 within the mixture 
is greater than about 0.5 bar. / 

2608. The method of claim 2607, wherein the partiafl pressure of H2 within the mixture 
is measured when the mixture is at a production w^l. 

2609. The method of claim 258 1 , further conmrising altering a pressure within the 
formation to inhibit production of hydrocarboris from the formation having carbon 
numbers greater than about 25. / 

2610. The method of claim 2581, fiirthp comprising producing a mixture fi-om the 
formation and controlling formation conditions by recirculating a portion of hydrogen 
from the mixture into the formation. / 

2611. The method of claim 2581 ,mirther comprising: 

providing hydrogen (H2) to at least the heated portion to hydrogenate 
hydrocarbons within the formation; and 

heating a portion of the formation with heat from hydrogenation. 

2612. The method of claim 258 1 , further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a pomon of the produced condensable hydrocarbons with at least a 
portion of the produced hyprogen. 



649 



Conley, Rose & Tayon, P.C. 



261 3. The method of claim 258 1 , further comprising allowing heatyto transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that a permeability of a majority of a 
selected section of the formation increases to greater than about 100 millidarcy. 

2614. The method of claim 2581, further comprising allowing heat to transfer from the 
heating mechanism to a selected section of the formation to pyrolyze at least some 
hydrocarbons within the selected section such that aypermeability of a majority of the 
selected section increases substantially uniformly^ 

26 1 5. The method of claim 258 1 , fiirther comprising controlling the heat to yield greater 
than about 60 % by weight of condensable l^drocarbons, as measured by the Fischer 
Assay. 

26 1 6. The method of claim 258 1 , further comprising producing a mixture in a 
production well, and wherein at least ^bout 7 heat sources are disposed in the formation 
for each production well. 

2617. The method of claim 258i , further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2618. The method of claim 2581, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the fiormation to form a repetitive pattern of units. 

261 9. A method pf treating a hydrocarbon containing formation in situ, comprising: 
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heating a selected section of the formation with a heating elementplaced within a 
wellbore, wherein at* least one end of the heating element is free to move axially within 
the wellbore to allow for thermal expansion of the heating element. / 



2620. The method of claim 261 9, further comprising at least twb heating elements 
within at least two wellbores, and wherein superposition of hedt from at least the two 
heating elements pyrolyzes at least some hydrocarbons wit^n a selected section of the 
formation. 

262 1 . The method of claim 26 1 9, further comprisin^maintaining a temperature within 
the selected section within a pyrolysis temperature /ange. 

2622. The method of claim 2619, wherein the /eating element comprises a pipe-in-pipe 
heater. 

2623. The method of claim 261 9, whereii/the heating element comprises a flameless 
distributed combustor. 

2624. The method of claim 261 9, wherein the heating element comprises a mineral 
insulated cable coupled to a support,yand wherein the support is free to move within the 
wellbore. 

2625. The method of claim 2619, wherein the heating element comprises a mineral 
insulated cable suspended from A wellhead. 

2626. The method of claim 2(619, further comprising controlling a pressure and a 
temperature within at least a majority of a heated section of the formation, wherein the 
pressure is controlled as a fmiction of temperature, or the temperature is controlled as a 
function of pressure. 
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2627. The method of claim 26 1 9, further comprising controlling the h^t such that an 
average heating rate of the heated section is less than about 1 °C per day during pyrolysis. 



2628. The method of claim 2619, wherein heating the section of/he formation further 
comprises: 

heating a selected volume (F) of the hydrocarbon cont^ning formation from the 
heating element, wherein the formation has an average heat capacity (Cv), and wherein 
the heating pyrolyzes at least some hydrocarbons within t^ selected volume of the 
formation; and 

wherein heating energy/day provided to the vo)(ime is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, hhan average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

2629. The method of claim 26 1 9, whereir/ heating the section of the formation 
comprises transferring heat substantially py conduction. 

2630. The method of claim 2619, fur;ftier comprising heating the selected section of the 
formation such that a thermal condu9(tivity of the selected section is greater than about 
0.5 W/(m T). 

263 1 . The method of claim 26 1^, further comprising producing a mixture from the 
formation, wherein the produc^ mixture comprises condensable hydrocarbons having an 
API gravity of at least about : 

2632. The method of claim 2619, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein about 0.1 % by yeight to about 15 % by weight of the condensable hydrocarbons 
are olefins. 
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2633. The method of claim 2619, further comprising producing a mixtore from the 
fomiation, wherein the produced mixture comprises non-condensable4iydrocarbons, and 
wherein a molar ratio of ethene to ethane in the non-condensable iWdrocarbons ranges 
from about 0.00 1 to about 0.15. / 

2634. The method of claim 2619, fiirther comprising producing a mixture from the 
formation, wherein the produced mixture comprises cond^sable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated^ on an atomic basis, of the 
condensable hydrocarbons is nitrogen. / 

2635. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, whenyCalculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. / 

2636. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfiu/ 

2637. The method of claim 26^9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, wherein 
about 5 % by weight to abom 30 % by weight of the condensable hydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen containing compounds comprise 
phenols. / 

2638. The method of claim 2619, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein greater than/about 20 % by weight of the condensable hydrocarbons are aromatic 
compounds. / 
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2639. The method of claim 26 1 9, further comprising producing A mixture from the 
formation, wherein the produced mixture comprises condensable hydrocarbons, and 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. / 

2640. The method of claim 261 9, further comprisin/producing a mixture from the 
formation, wherein the produced mixture comprise/ condensable hydrocarbons, and 
wherein less than about 0.3 % by weight of the cjemdensable hydrocarbons are 
asphaltenes. / 

2641 . The method of claim 26 1 9, further Comprising producing a mixture from the 
formation, wherein the produced mixture/comprises condensable hydrocarbons, and 
wherein about 5 % by weight to about 3X) % by weight of the condensable hydrocarbons 
are cycloalkanes. / 

2642. The method of claim 2619/ further comprising producing a mixture from the 
formation, wherein the produced/mixture comprises a non-condensable component, 
wherein the non-condensable component comprises hydrogen, wherein the hydrogen is 
greater than about 10 % by vmume of the non-condensable component, and wherein the 
hydrogen is less than about 80 % by volume of the non-condensable component. 

2643. The method of claim 261 9, further comprising producing a mixture from the 
formation, wherein the produced mixture comprises ammonia, and wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

2644. The method yof claim 26 1 9, further comprising producing a mixture from the 
formation, whereiiythe produced mixture comprises ammonia, and wherein the ammonia 
is used to produce fertilizer. 
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2645 . The method of claim 26 1 9, further comprising controlling a pressure^ within the 
selected section of the formation, wherein the controlled pressure is at lea^ about 2.0 bar 
absolute. 

2646. The method of claim 2619, further comprising controlling fi^rmation conditions to 
produce a mixture from the formation, wherein a partial pressur^^f H2 within the mixture 
is greater than about 0.5 bar. 

2647. The method of claim 2647, wherein the partial pr^sure of H2 within the mixture 
is measured when the mixture is at a production well. 

2648. The method of claim 2619, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons ^m the formation having carbon 
numbers greater than about 25. 

2649. The method of claim 2619, further comprising producing a mixture from the 
formation and controlling formation condi^ons by recirculating a portion of hydrogen 
from the mixture into the formation. 

2650. The method of claim 26 1 9, fiirtflier comprising: 
providing hydrogen (H2) to t^e heated section to hydrogenate hydrocarbons 

within the heated section; and 

heating a portion of the section with heat from hydrogenation. 

265 1 . The method of claim 26n 9, further comprising: 

producing hydrogen and condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 
portion of the produced hydrogen. 

2652. The method of claim 2619, wherein heating comprises increasing a permeability 
of a majority of the heated section to greater than about 100 millidarcy. 
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2653. The method of claim 2619, wherein heating comprises sub^antially uniformly 
increasing a permeability of a majority of the heated section. 

2654. The method of claim 2619, wherein the heating is ccmtrolled to yield greater than 
about 60 % by weight of condensable hydrocarbons, as nieasured by the Fischer Assay. 
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2655. The method of claim 2619, further comprising producing a mixture in a 
production well, and wherein at least about 7 heat purees are disposed in the formation 
for each production well. 
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2656. The method of claim 261 9, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a ynit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2657. The method of claim 2619, ^iirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formauon in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formatioryio form a repetitive pattern of units. 

2658. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

25 formation; 

allowing the h4at to transfer from the one or more heat sources to a selected 
section of the formation; and 

producing a mixture from the formation through a production well, wherein the 
production well is/located such that a majority of the mixture produced from the 
30 formation comprises non-condensable hydrocarbons and a non-condensable component 
comprising hydrogen. 
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2659. The method of claim 2658, wherein the one or more heat source^ comprise at 
least two heat sources, and wherein superposition of heat from at least/the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. / 

2660. The method of claim 2658, further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. / 

2661 . The method of claim 2658, wherein the production well is less than 
approximately 6 m from a heat source of the one or niore heat sources. 

2662. The method of claim 2658, wherein the production well is less than 
approximately 3 m from a heat source of the oneyor more heat sources. 

2663. The method of claim 2658, wherein the production well is less than 
approximately 1.5 m from a heat source of the one or more heat sources. 

2664. The method of claim 2658, wherein an additional heat source is positioned within 
a wellbore of the production well. / 

2665. The method of claim 2658, wherein the one or more heat sources comprise 
electrical heaters. / 

2666. The method of claim 2658, wherein the one or more heat sources comprise 
surface bumers. / 

2667. The method of claim 265 », wherein the one or more heat sources comprise 
flameless distributed combustors/ 
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2668. The method of claim 2658, wherein the one or more heat sources comprise natural 
distributed combustors. / 

2669. The method of claim 2658, further comprising contrpUing a pressure and a 
temperature within at least a majority of the selected sectic)n of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2670. The method of claim 2658, further compri^ng controlling the heat such that an 
average heating rate of the selected section is less/ than about 1 °C per day during 
pyrolysis. / 

2671 . The method of claim 2658, wherein providing heat from the one or more heat 
sources to at least the portion of formationycomprises: 

heating a selected volume (F) of me hydrocarbon containing formation from the 
one or more heat sources, wherein the fprmation has an average heat capacity (Cv), and 
wherein the heating pyrolyzes at least /some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energy/day/provided to the volume is equal to or less than Pwr, 
wherein PMr is calculated by the equation: 

Pwr = hW^Cv'^PB I 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, pe is formation bulK density, and wherein the heating rate is less than about 10 
°C/day. / 

2672. The method of claim 2658, wherein allowing the heat to transfer from the one or 
more heat sources to the selected section comprises transferring heat substantially by 
conduction. / 
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2673. The method of claim 2658, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). / 

2674. The method of claim 2658, wherein the produced mixtm^e comprises condensable 
hydrocarbons having an API gravity of at least about 25°. / 

2675. The method of claim 2658, wherein the producedymixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2676. The method of claim 2658, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

2677. The method of claim 2658, wherein tlae produced mixture comprises condensable 
hydrocarbons, and wherein less than about /% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

2678. The method of claim 2658, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2679. The method of claim 2658, Avherein the produced mixtiire comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

2680. The method of claim 2668, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5/% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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268 1 . The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. / 

2682. The method of claim 2658, wherein the produced mixmtQ comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight ofihe condensable 
hydrocarbons comprises multi-ring aromatics with more man two rings. 

2683. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % hy weight of the condensable 
hydrocarbons are asphaltenes. / 

2684. The method of claim 2658, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by w/ight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanp. 

2685. The method of claim 2658, wherein the produced mixture comprises a non- 
condensable component, wherein theynon-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. / 

2686. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

2687. The method of claim 2658, wherein the produced mixture comprises ammonia, 
and wherein the ammoniaAs used to produce fertilizer. 

2688. The method of cyaim 2658, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the controlled pressure 
is at least about 2.0 baij absolute. 
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2689. The method of claim 2658, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 within the mixture/is greater than 
about 0.5 bar. / 

2690. The method of claim 2689, wherein the partial pressure ofAii within the mixture 
is measured when the mixture is at a production well. / 

2691 . The method of claim 2658, further comprising alterii/g a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

2692. The method of claim 2658, fiirther comprising controlling formation conditions 
by recirculating a portion of the hydrogen from the mixture into the formation. 

2693. The method of claim 2658, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the section with neat from hydrogenation. 

2694. The method of claim 2658, furtheycomprising: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produced condensable hydrocarbons with at least a 

portion of the produced hydrogen. / 

2695. The method of claim 2658, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. / 

2696. The method of claim 2688, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 
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2697. The method of claim 2658, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbon^ as measured by the Fischer 
Assay. 

2698. The method of claim 2658, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at ^ast about 7 heat sources are disposed in 
the formation for each production well, 

2699. The method of claim 2658, further co/inprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a linit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

2700. The method of claim 2658, fUyther comprising providing heat from three or more 
heat sources to at least a portion of tMe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fiorm a repetitive pattem of units. 



2701 . A method of treating a Hydrocarbon containing formation in situ, comprising: 
providing heat to at least a portion of the formation from one or more first heat 

sources placed within a pattern in the formation; 

allowing the heat to /ransfer from the one or more first heat sources to a first 

section of the formation; 

heating a second sefction of the formation with at least one second heat source, 

wherein the second section is located within the first section, and wherein at least the one 

second heat source is cortfigured to raise an average temperature of a portion of the 



second section to a high 
and 



r temperature than an average temperature of the first section; 
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producing a mixture from the formation through a production well positioned 
within the second section, wherein a majority of the produced mixture comprises non- 
condensable hydrocarbons and a non-condensable component comprising Hi 
components. 

2702. The method of claim 270 1 , wherein the one or more J^rst heat sources comprise at 
least two heat sources, and wherein superposition of heat flrom at least the two heat 
sources pyrolyzes at least some hydrocarbons within tho^first section of the formation. 

2703 . The method of claim 270 1 , further comprisi/g maintaining a temperature within 
the first section within a pyrolysis temperature range. 

2704. The method of claim 270 1 , wherein at /east the one heat source comprises a 
heater element positioned within the production well. 

2705. The method of claim 2701, wherejn at least the one second heat source comprises 
an electrical heater. 

2706. The method of claim 270 1 , wtj^rein at least the one second heat source comprises 
a surface burner. 

2707. The method of claim 2701,^^herein at least the one second heat source comprises 
a flameless distributed combustor/ 

2708. The method of claim 270 1 , wherein at least the one second heat source comprises 
a natural distributed combustor/ 

2709. The method of claim ^0 1 , further comprising controlling a pressure and a 
temperature within at least a majority of the first or the second section of the formation, 
wherein the pressure is controlled as a function of temperature, or the temperature is 
controlled as a function of pressure. 
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271 0. The method of claim 270 1 , further comprising controlling the hfeat such that an 
average heating rate of the first section is less than about 1 °C per daV during pyrolysis. 

2711. The method of claim 270 1 , wherein providing heat to the/iormation fiirther 
comprises: 

heating a selected volume {V)of the hydrocarbon con&ining formation from the 
one or more first heat sources, wherein the formation has m average heat capacity (Cv), 
and wherein the heating pyrolyzes at least some hydrocarjoons within the selected volume 
of the formation; and 

wherein heating energy/day provided to the vc^ume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

Pwr = hWCy'^pB 

wherein Pwr is the heating energy/day, hks an average heating rate of the 
formation, pB is formation bulk density, and w^rein the heating rate is less than about 10 
°C/day. 

2712. The method of claim 2701, whereil^ allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

2713. The method of claim 2701, wnerein providing heat from the one or more first heat 
sources comprises heating the first section such that a thermal conductivity of at least a 
portion of the first section is greater than about 0.5 W/(m °C). 

2714. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2715. The method of clairn 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 
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2716. The method of claim 270 1 , wherein a molar ratio of ethene toyethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. / 

2717. The method of claim 270 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, Wien calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. / 

2718. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by Weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen/ 

2719. The method of claim 270 1 , wherein th^ produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1/% by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is /ulflir. 

2720. The method of claim 2701, wh/reiri the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by/weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen comaining compounds, and wherein the oxygen 
containing compounds comprise phenols. 

2721. The method of claim 2^01, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromaticycompounds. 

2722. The method of claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

2723. The methocyof claim 2701, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are jasphaltenes. 
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2724. The method of claim 2701 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weigWt of the 
condensable hydrocarbons are cycloalkanes. / 



2725. The method of claim 2701, wherein the produced mixturexomprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume /f the non-condensable 
component, and wherein the hydrogen is less than about Sjo % by volume of the non- 
condensable component, 

2726. The method of claim 270 1 , wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight m the produced mixture is ammonia. 

2727. The method of claim 270 1 , wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fifrtilizer. 

2728. The method of claim 2701 , further oomprising controlling a pressure within at 
least a majority of the first or the second s/ction of the formation, wherein the controlled 
pressure is at least about 2.0 bar absolute 

2729. The method of claim 2701 , further comprising controlling formation conditions to 
. produce the mixture, wherein a parti^ pressure of H2 within the mixture is greater than 
about 0.5 bar. 

2730. The niethod of claim 2729/ wherein the partial pressure of H2 within the mixture 
is measured when the mixture is at a production well. 

273 1 . The method of claim 270 1 , further comprising altering a pressure within the 
formation to inhibit production pf hydrocarbons from the formation having carbon 
numbers greater than about 25./ 
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2732. The method of claim 270 1 , further comprising controUin/ formation conditions 
by recirculating a portion of hydrogen from the mixture into thp formation. 
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2733 . The method of claim 270 1 , further comprising: 
providing hydrogen (H2) to the first or second section to hydrogenate 

hydrocarbons within the first or second section, respectwely; and 

heating a portion of the first or second section/respectively, with heat from 
hydrogenation. 

2734. The method of claim 270 1 , further compilsing: 
producing condensable hydrocarbons from the formation; and 
hydrogenating a portion of the produc/ed condensable hydrocarbons with at least a 

portion of the produced hydrogen. 

2735. The method of claim 2701, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority of the first or second section to greater than about 
100 millidarcy. 

2736. The method of claim 270 1/ wherein allowing the heat to transfer comprises 
substantially uniformly increasirjg a permeability of a majority of the first or second 
section. 



2737. The method of claimy2701 , wherein heating the first or the second section is 

25 controlled to yield greater man about 60 % by weight of condensable hydrocarbons, as 
measured by the Fischer Assay. 

2738. The method of claim 270 1 , wherein at least about 7 heat sources are disposed in 
the formation for each production well. 
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2739. The method of claim 2701, further comprising providing heat fifom three or more 
heat sources to at least a portion of the formation, wherein three or naore of the heat 
sources are located in the formation in a unit of heat sources, and^herein the unit of heat 
sources comprises a triangular pattern. 

2740. The method of claim 2701 , further comprising pro/iding heat from three or more 
heat sources to at least a portion of the formation, whermn three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattem, and whereiry4 plurality of the units are repeated 
over an area of the formation to form a repetitive pattem of units. 

2741 . A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat into the formation from a plurality of heat sources placed in a 

pattem within the formation, wherein a spacing between heat sources is greater than 
about 6 m; 

allowing the heat to transfer froi^the plurality of heat sources to a selected 
section of the formation; 

producing a mixture from the formation from a plurality of production wells, 
wherein the plurality of production Wells are positioned within the pattem, and wherein a 
spacing between production wells is greater than about 12 m. 

2742. The method of claim 274 1/ wherem superposition of heat from the plurality of 
heat sources pyrolyzes at least so/ne hydrocarbons within the selected section of the 
formation. 



2743 . The method of claim 214 1 , further comprising maintaining a temperature within 
the selected section within a pyrolysis temperature range. 

2744. The method of claim 2(741, wherein the plurality of heat sources comprises 
electrical heaters. 
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2745. The method of claim 274 1 , wherein the plurality of heat sources comprises 
surface burners. / 

2746. The method of claim 2741 , wherein the plurality of heat sources comprises 
flameless distributed combustors. / 

2747. The method of claim 2741, wherein the plurality of heat sources comprises 
natural distributed combustors. / 

2748. The method of claim 2741 , further composing controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

2749. The method of claim 2741 , furthey comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. / 

2750. The method of claim 2741, vmerein providing heat from the plurality of heat 
comprises: / 

heating a selected volume (jy) of the hydrocarbon containing formation from the 
plurality of heat sources, wherein Ahe formation has an average heat capacity (Cv), and 
wherein the heating pyroiyzes atAeast some hydrocarbons within the selected volume of 
the formation; and / 

wherein heating energwday provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the hfeating energy/day, /z is an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



V 
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275 1 . The method of claim 274 1 , wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. / 

2752. The method of claim 2741, wherein providing heat comprises heating the selected 
formation such that a thermal conductivity of at least a poraon of the selected section is 
greater than about 0.5 W/(m ^'C). / 

2753. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

2754. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. / 

2755. The method of claim 2741, wherein the produced mixture comprises non- 
condensable hydrocarbons, and whereinya molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges frony about 0.001 to about 0.15. 

2756. The method of claim 274 1 , 
hydrocarbons, and wherein less tha 
basis, of the condensable hydrocarl 

2757. The method of claim 274A , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less/than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

2758. The method of claim 
hydrocarbons, and wherein L 
basis, of the condensable hyf 



lerein the produced mixture comprises condensable 
. about 1 % by weight, when calculated on an atomic 
!)ons is nitrogen. 



1741, wherein the produced mixture comprises condensable 
fsss than about 1 % by weight, when calculated on an atomic 
rocarbons is sulfur. 
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2759. The method of claim 2741, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. / 

2760. The method of claim 2741, wherein the producra mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % W weight of the condensable 
hydrocarbons are aromatic compounds. / 

2761 . The method of claim 274 1 , wherein theyproduced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 by weight of the condensable 
hydrocarbons comprises multi-ring aromati(£s with more than two rings. 

2762. The method of claim 274 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than al/out 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

2763. The method of claim 2741 / wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are oycloalkanes. 

2764. The method of claim ^741 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein me hydrogen is less than about 80 % by volume of the non- 
condensable component./ 

2765 . The method of 
and wherein greater thi 



plaim 2741, wherein the produced mixture comprises ammonia, 
about 0.05 % by weight of the produced mixture is ammonia. 



I 



671 



Conley, Rose & Tayon, P C. 



2766. The method of claim 2741 , wherein the produced mixture comprises 
and wherein the ammonia is used to produce fertilizer. I 



lonia. 



2767. The method of claim 2741, further comprising controlling a pressure within at 
least a majority of the selected section of the formation, wherein the Controlled pressure 
is at least about 2.0 bar absolute. 

2768. The method of claim 2741, further comprising controlling formation conditions to 
produce the mixture, wherein a partial pressure of H2 withii/the mixture is greater than 
about 0.5 bar. 

2769. The method of claim 2768, wherein the partial/pressure of H2 within the mixture 
is measured when the mixture is at a production weu. 

2770. The method of claim 2741, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbon/ from the formation having carbon 
numbers greater than about 25. 

2771. The method of claim 2741, further comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

2772. The method of claim 274 1 , further comprising: 
providing hydrogen (H2) to the/selected section to hydrogenate hydrocarbons 

within the selected section; and 

heating a portion of the selectbd section with heat from hydrogenation. 

2773 . The method of claim 274 1 , further comprising: 
producing hydrogen and condensable hydrocarbons from the formation; and 
hydro genating a portion of jthe produced condensable hydrocarbons with at least a 

portion of the produced hydrogen.i 
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2774. The method of claim 274 1 , wherein allowing the heat to trarisfer comprises 
increasing a permeability of a majority of the selected section to j^eater than about 100 
millidarcy. / 

2775. The method of claim 2741 , wherein allowing the heat to transfer comprises 
substantially uniformly increasmg a permeability of a m^rity of the selected section. 

2776. The method of claim 274 1 , further comprising^ ::ontrolling the heat to yield greater 
than about 60 % by weight of condensable hydrocaroons, as measxired by the Fischer 
Assay. / 

2777. The method of claim 274 1 , wherein at feast about 7 heat sources are disposed in 
the formation for each production well. / 

2778. The method of claim 274 1 , furthey comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular patterri. 

2779. The method of claim 274 1 ,mirther comprising providing heat from three or more 
heat sources to at least a portion ot the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

2780. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 
an oxidizing fluid/source; 

a conduit disposdd in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the/oxidizing fluid source to a reaction zone in the formation during 
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use, and wherein the oxidizing fluid is selected to oxidize at least some hwrocarbons at 
the reaction zone during use such that heat is generated at the reaction zon^\ and 

wherein the system is configured to allow heat to transfer suostantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

278 1 . The system of claim 2780, wherein the oxidizing flurd is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

2782. The system of claim 2780, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

2783. The system of claim 2780, wherein thfe conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the mrmation is controlled. 

2784. The system of claim 2780, wh/rein the conduit is fiirther configured to be cooled 
with the oxidizing fluid such that the'^conduit is not substantially heated by oxidation. 

2785. The system of claim 278o/wherein the conduit is further configured to remove an 
oxidation product. / 

2786. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product such that the oxidation product transfers substantial heat to the 
oxidizing fluid. / 

2787. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wmerein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a/flow rate of the oxidation product in the conduit. 
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2788. The system of claim 2780, wherein the conduit is further confined to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to re<auce contamination of 
the oxidation product by the oxidizing fluid, / 

2789. The system of claim 2780, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is sub/tantially inhibited from 
flowing into portions of the formation beyond the reactior/zone. 

2790. The system of claim 2780, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond me reaction zone. 

2791 . The system of claim 2780, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. / 

2792. The system of claim 2780, wherjein the portion of the formation extends radially 
from the opening a width of less than stpproximately 0.2 m. 

2793. The system of claim 2780, mrther comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat it least a portion of the formation during application of an 
electrical current to the condu/tor. 

2794. The system of claim 2780, further comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation nuring application of an electrical current to the insulated 
conductor. / 
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2795. The system of claim 2780, further comprising at least one elongated/member 
disposed within the opening, wherein the at least the one elongated member is configured 
to heat at least a portion of the formation during application of an elecmcal current to the 
at least the one elongated member. / 

2796. The system of claim 2780, further comprising a heat exjmanger disposed external 
to the formation, wherein the heat exchanger is configured to/neat the oxidizing fluid, 
wherein the conduit is further configured to provide the hesfted oxidizing fluid into the 
opening during use, and wherein the heated oxidizing fluid is configured to heat at least a 
portion of the formation during use. / 

2797. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2798. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2799. The system of claim 2780, furtMer comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2800. The system of claim 2780yfurther comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2801 . The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during/use. 

2802. The system of claim 2780, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in auyoverburden of the 
formation, wherein a packing material is disposed at a juncpon of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2803. The system of claim 2780, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2804. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed m an opening in the formation, wherein the 

heater is fiirther configurable to provide heat to at least a portion of the formation during 
use; / 

a conduit configurable to be di^osed in the opening, wherein the conduit is 
configurable to provide an oxidizing fluid firom an oxidizing fluid source to a reaction 
zone in the formation during use, aria wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least pme hydrocarbons at the reaction zone during use such 
that heat is generated at the reaction zone; and 

wherein the system is mxrther configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2805. The system of claim 2804, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by dimision. 

2806. The system oflclaim 2804, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fiuid into the opening. 
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2807. The system of claim 2804, wherein the conduit comprises critical flow lorifices, 
and wherein the critical flow orifices are configurable to control a flow of th^ oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2808. The system of claim 2804, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit is not substanti^ly heated by 
oxidation. 
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2809. The system of claim 2804, wherein the conduit is 
an oxidation product. 



sr configurable to remove 



2810. The system of claim 2804, wherein the conduit i^ further configurable to remove 
an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 
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281 1 . The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of tae oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2812. The system of claim 2804, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressurefof the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conpuit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluL 



2813. The system of claim 2804, wherein the conduit is further configurable to remove 
25 an oxidation product, and wherein the oxidation product is substantially inhibited from 
flovdng into portions of the formation/beyond the reaction zone. 
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2814. The system of claim 2804, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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28 1 5. The system of claim 2804, further comprising a center conduit dispo$ed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to r^ove an 
oxidation product during use. 

28 1 6. The system of claim 2804, wherein the portion of the forryfation extends radially 
from the opening a width of less than approximately 0.2 m. 



0 
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28 1 7. The system of claim 2804, further comprising a conductor disposed in a second 
10 conduit, wherein the second conduit is disposed within th^ opening, and wherein the 

conductor is configurable to heat at least a portion of th^ formation during application of 
an electrical current to the conductor. 

281 8. The system of claim 2804, further comprising an insulated conductor disposed 
15 within the opening, wherein the insulated conduc/or is configurable to heat at least a 

portion of the formation during application of a^ electrical current to the insulated 
conductor. 

28 1 9. The system of claim 2804, further oGmprising at least one elongated member 
20 disposed within the opening, wherein the At least the one elongated member is 

configurable to heat at least a portion offthe formation during application of an electrical 
current to the at least the one elongated member. 



2820. The system of claim 2804, further comprising a heat exchanger disposed external 
25 to the formation, wherein the heatyexchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
opening during use, and wherei^ the heated oxidizing fluid is configurable to heat at least 
a portion of the formation dur^g use. 
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282 1 . The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overbyrden of the 
formation. 

2822. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises/steel. 

2823. The system of claim 2804, further comprising/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is mrther disposed in cement. 

2824. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

2825. The system of claim 2804, further comprising an overburden casing coupled to 
the opening, wherein the overburden cping is disposed in an overburden of the 
formation, wherein a packing material is disposed at a jimction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

2826. The system of claim 2804( further comprising an overburden casing coupled to 
the opening, wherein the overbm-den casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein me packing material comprises cement. 

2827. The system of claim 2804, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

2828. An in situ method mr heating a hydrocarbon containing formation, comprismg: 
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heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluids 

providing the oxidizing fluid to a reaction zone in the formation; / 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and / 

transferring the generated heat substantially by conduction/&om the reaction zone 
to a pyrolysis zone in the formation. / 

2829. The method of claim 2828, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

2830. The method of claim 2828, further comprisin/directing at least a portion of the 
oxidizing fluid into the opening through orifices oik conduit disposed in the opening. 

283 1 . The method of claim 2828, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit diroosed in the opening such that a rate of 
oxidation is controlled. / 

2832. The method of claim 2828, furtheycomprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially yonstant over time within the reaction zone. 

2833. The method of claim 2828, wherein a conduit is disposed in the opening, the 
method further comprising cooling me conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. / 

2834. The method of claim 28281 wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit. 
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2835. The method of claim 2828, wherein a conduit is disposed within thef opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the coijduit to oxidizing 
fluid in the conduit. 

2836. The method of claim 2828, wherein a conduit is dispose^ within the opening, the 
method further comprising removing an oxidation product frmi the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in th^xonduit is approximately 
equal to a flow rate of the oxidation product in the condui 

2837. The method of claim 2828, wherein a conduit Is disposed within the opening, the 
method fiirther comprising removing an oxidation p/oduct from the formation through 
the conduit and controlling a pressure between the/oxidizing fluid and the oxidation 
product in the conduit to reduce contamination o^ the oxidation product by the oxidizing 
fluid. 

2838. The method of claim 2828, wherein i conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting tlje oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

2839. The method of claim 2828, fia/ther comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

2840. The method of claim 2828/ wherein a center conduit is disposed within an outer 
conduit, and wherein the outer ccmduit is disposed within the opening, the method fiirther 
comprising providing the oxidiang fluid into the opening through the center conduit and 
removing an oxidation product fthrough the outer conduit. 



284 1 . The method of claim 
from the opening a width of 1 



^828, wherein the portion of the formation extends radially 
ss than approximately 0.2 m. 
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2842. The method of claim 2828, wherein heating the portion comprisefs applying 
electrical current to a conductor disposed in a conduit, wherein the conduit is disposed 
within the opening. / 

2843. The method of claim 2828, wherein heating the portion Comprises applying 
electrical current to an insulated conductor disposed within the opening. 

2844. The method of claim 2828, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

2845. The method of claim 2828, wherein heating tMe portion comprises heating the 
oxidizing fluid in a heat exchanger disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. / 

2846. The method of claim 2828, further comprising removing water from the formation 
prior to heating the portion. / 

2847. The method of claim 2828, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation, 

2848. The method of claim 2828, fui 
the opening, wherein the overburden < 
formation. / 

2849. The method of claim 2828,/further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



ler comprising coupling an overburden casing to 
/asing is disposed in an overburden of the 
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2850. The method of claim 2828, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overpurden of the 
formation, and wherein the overburden casing is further disposeq in cement. 

285 1 . The method of claim 2828, further comprising couphng an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2852. The method of claim 2828, wherein the pyrol/sis zone is substantially adjacent to 
the reaction zone. / 

2853. A system configured to heat a hydrocarbon containing formation, comprising: 

a heater disposed in an opening in the formation, wherein the heater is configured 
to provide heat to at least a portion of the formation during use; 
an oxidizing fluid source; / 

a conduit disposed in the opening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at the 
reaction zone during use such that heat As generated at the reaction zone, and wherein the 
conduit is further configured to remove an oxidation product from the formation during 
use; and / 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2854. The system of claim 2S5% wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion./ 

2855. The system of claim 2853, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 
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2856. The system of claim 2853, wherein the conduit comprises critical floy orifices, 
and wherein the critical flow orifices are configured to control a flow of th^oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2857. The system of claim 2853, wherein the conduit is further configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

2858. The system of claim 2853, wherein the conduit is fur^er configured such that the 
oxidation product transfers heat to the oxidizing fluid. 

2859. The system of claim 2853, wherein a flow rate c/f the oxidizing fluid in the 
conduit is approximately equal to a flow rate of the oxidation product in the conduit. 

2860. The system of claim 2853, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the comduit are controlled to reduce 
contamination of the oxidation product by the Oxidizing fluid. 

2861 . The system of claim 2853, wherein tMe oxidation product is substantially inhibited 
from flowing into portions of the formatiory beyond the reaction zone. 

2862. The system of claim 2853, wherem the oxidizing fluid is substantially inhibited 
from flowing into portions of the formalfion beyond the reaction zone. 

2863. The system of claim 2853, funher comprising a center conduit disposed within 
the conduit, wherein the center condpit is configured to provide the oxidizing fluid into 
the opening during use. 



2864. The system of claim 2853, wherein the portion of the formation extends radially 
fi:om the opening a width of less than approximately 0.2 m. 
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2865. The system of claim 2853, further comprising a conductor di/posed in a second 
conduit, wherein the second conduit is disposed within the opening, and wherein the 
conductor is configured to heat at least a portion of the formatior/ during application of an 
electrical current to the conductor. 

2866. The system of claim 2853, further comprising an ini^ulated conductor disposed 
within the opening, wherein the insulated conductor is configured to heat at least a 
portion of the formation during application of an electr^al current to the insulated 
conductor. 

2867. The system of claim 2853, further comprising at least one elongated member 
disposed within the opening, wherein the at least/the one elongated member is configured 
to heat at least a portion of the formation during application of an electrical current to the 
at least the one elongated member. 

2868. The system of claim 2853, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configured to heat the oxidizing fluid, 
wherein the conduit is further configurea to provide the heated oxidizing fluid into the 
opening during use, and wherein the hpted oxidizing fluid is configured to heat at least a 
portion of die formation during use. 

2869. The system of claim 2853,yfurther comprising an overburden casing coupled to 
the opening, wherein the overburjflen casing is disposed in an overburden of the 
formation. 



2870. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 
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2871. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2872. The system of claim 2853, further comprising an overburdeiycasing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2873. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a jimction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden^ casing during use. 

2874. The system of claim 2853, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

2875. The system of claim 2853, wherein 
transferred heat can pyrolyze at least some 

2876. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heater configurable to be disposed in an opening in the formation, wherein the 

heater is further configurable to provide heat to at least a portion of the formation during 
use; / 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, wherein the system is configurable to allow the 
oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone during use such 



^e system is further configured such that 
hydrocarbons in the pyrolysis zone. 



687 



Conley, Rose & Tayon, P.C. 



that heat is generated at the reaction zone, and wherein the conduit is fWther configurable 
to remove an oxidation product from the formation during use; and / 

wherein the system is further configurable to allow heat to tfansfer substantially 
by conduction from the reaction zone to a pyrolysis zone during u/e. 

2877. The system of claim 2876, wherein the oxidizing fluidyis configurable to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. / 

2878. The system of claim 2876, wherein the conduitycomprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2879. The system of claim 2876, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

2880. The system of claim 2876, wherein tne conduit is further configurable to be 
cooled with the oxidizing fluid such that tne conduit is not substantially heated by 
oxidation. / 

288 1 . The system of claim 2876, wherein the conduit is further configurable such that 
the oxidation product transfers heat to the oxidizing fluid. 

2882. The system of claim 2876,Avherein a flow rate of the oxidizing fluid in the 
conduit is approximately equal to/a flow rate of the oxidation product in the conduit, 

2883. The system of claim 2876, wherein a pressure of the oxidizing fluid in the conduit 
and a pressure of the oxidation product in the conduit are controlled to reduce 
contamination of the oxidati(m product by the oxidizing fluid. 
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2884. The system of claim 2876, wherein the oxidation product is substantisuly inhibited 
from flowing into portions of the formation beyond the reaction zone. / 

2885. The system of claim 2876, wherein the oxidizing fluid is substmitially inhibited 
from flowing into portions of the formation beyond the reaction zoiafe. 

2886. The system of claim 2876, further comprising a center /onduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use. / 

2887. The system of claim 2876, wherein the portion4)f the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2888. The system of claim 2876, further comprising a conductor disposed in a second 
conduit, wherein the second conduit is disposer within the opening, and wherein the 
conductor is configurable to heat at least a portion of the formation during application of 
an electrical current to the conductor. / 

2889. The system of claim 2876, fiirthey comprising an insulated conductor disposed 
within the opening, wherein the insulated conductor is configurable to heat at least a 
portion of the formation during application of an electrical current to the insulated 
conductor. / 

2890. The system of claim 2876, mirther comprising at least one elongated member 
disposed within the opening, wherein the at least the one elongated member is 
configurable to heat at least a portion of the formation during application of an electrical 
current to the at least the one elongated member. 

2891 . The system of claim 28/6, further comprising a heat exchanger disposed external 
to the formation, wherein the heat exchanger is configurable to heat the oxidizing fluid, 
wherein the conduit is further configurable to provide the heated oxidizing fluid into the 
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opening during use, and wherein the heated oxidizing fluid is configurable to heat at least 
a portion of the formation during use. / 

2892. The system of claim 2876, further comprising an oveifcurden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation. / 

2893. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2894. The system of claim 2876, further cc(mprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2895. The system of claim 2876, fWther comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

2896. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packings material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the/opening and the overburden casing during use. 

2897. The system of claim 2876, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a jimction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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2898. The system of claim 2876, wherein the system is further configurable sdch that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zoiie. 

2899. An in situ method for heating a hydrocarbon containing formaticm, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction of 
hydrocarbons within the portion of the formation with an oxidizing/fluid, wherein the 
portion is located substantially adjacent to an opening in the formation; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing gas to react with at least a portpn of the hydrocarbons at 
the reaction zone to generate heat in the reaction zone; 

removing at least a portion of an oxidation product^ through the opening; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

2900. The method of claim 2899, further compri^ng transporting the oxidizing fluid 
through the reaction zone by diffusion. 

2901 . The method of claim 2899, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifites of a conduit disposed in the opening. 

2902. The method of claim 2899, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a condjuit disposed in the opening such that a rate of 
oxidation is controlled. 



2903. The method of claim 2899, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate/an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially maintained within the reaction zone. 



2904. The method of claim 2899 
method further comprising coolin 
conduit is not substantially heated 



wherein a conduit is disposed in the opening, the 
the conduit with the oxidizing fluid such that the 
by oxidation. 
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2905. The method of claim 2899, wherein a conduit is disposed witftin the opening, and 
wherein removing at least the portion of the oxidation product thnmgh the opening 
comprises removing at least the portion of the oxidation product through the conduit. 

2906. The method of claim 2899, wherein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising transferring substantial heat from the oxidation product in the 
conduit to the oxidizing fluid in the conduit. / 

2907. The method of claim 2899, wherein a obnduit is disposed within the opening, 
wherein removing at least the portion of the dxidation product through the opening 
comprises removing at least the portion of me oxidation product through the conduit, and 
wherein a flow rate of the oxidizing fluid/in the conduit is approximately equal to a flow 
rate of the oxidation product in the conduit. 

2908. The method of claim 2899, x^erein a conduit is disposed within the opening, and 
wherein removing at least the portion of the oxidation product through the opening 
comprises removing at least the portion of the oxidation product through the conduit, the 
method further comprising controlling a pressure between the oxidizing fluid and the 
oxidation product in the conduit to reduce contamination of the oxidation product by the 
oxidizing fluid. / 

2909. The method of claipi 2899, wherein a conduit is disposed within the opening, and 
wherein removing at leasi the portion of the oxidation product through the opening 
comprises removing at Least the portion of the oxidation product through the conduit, the 
method further comprising substantially inhibiting the oxidation product from flowing 
into portions of the formation beyond the reaction zone. 
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291 0. The method of claim 2899, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the inaction zone. 

291 1 . The method of claim 2899, wherein a center conduit is disused within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening thrcmgh the center conduit and 
removing at least a portion of the oxidation product througj/ the outer conduit. 



10 



2912. The method of claim 2899, wherein the portioryof the formation extends radially 
from the opening a v^dth of less than approximately £).2 m. 
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2913. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to a conductor disposed in a cpnduit, wherein the conduit is disposed 
within the opening. 

2914. The method of claim 2899, wherein^heating the portion comprises applying 
electrical current to an insulated conductor disposed within the opening. 

291 5. The method of claim 2899, wherein heating the portion comprises applying 
electrical current to at least one elongated member disposed within the opening. 

2916. The method of claim 2899, wherein heating the portion comprises heating the 
oxidizing fluid in a heat exchanger /disposed external to the formation such that providing 
the oxidizing fluid into the opening comprises transferring heat from the heated oxidizing 
fluid to the portion. 



2917. The method of claim 28^9, fiirther comprising removing water from the formation 
prior to heating the portion. 



30 2918. The method of claim 2f 
formation to substantially 



99, further comprising controlling the temperature of the 
inhibit production of oxides of nitrogen during oxidation. 
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2919. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in overburden of the 
formation. 

2920. The method of claim 2899, further comprising ycoupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2921 . The method of claim 2899, fiirther compnsing coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing/is further disposed in cement. 

2922. The method of claim 2899, further comprising coupling an overburden casing to 
the opening, wherein a packing material is/disposed at a junction of the overburden 
casing and the opening. 

2923. The method of claim 2899, whe/ein the pyrolysis zone is substantially adjacent to 
the reaction. 



2924. A system configured to heat a hydrocarbon containing formation, comprising: 

an electric heater disposed in an opening in the formation, wherein the electric 
heater is configured to provide he^ to at least a portion of the formation during use; 

an oxidizing fluid source J 

a conduit disposed in thaopening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system iJs configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 
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2925. The system of claim 2924, wherein the oxidizing fluid is coniigured to generate 
heat in the reaction zone such that the oxidizing fluid is transportecythrough the reaction 
zone substantially by diffusion. 

2926. The system of claim 2924, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 



10 



2927. The system of claim 2924, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configured to /control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



d 



m 

u 



15 



20 



2928. The system of claim 2924, wherein the conauit is further configured to be cooled 
with the oxidizing fluid such that the conduit is ript substantially heated by oxidation. 

2929. The system of claim 2924, wherein the/conduit is further configured to remove an 
oxidation product. 

2930. The system of claim 2924, wherein j^ie conduit is fiirther configured to remove an 
oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 

293 1 . The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of tWe oxidation product in the conduit. 



25 2932. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 



pressure of the oxidation product in 



the oxidation product by the oxidizing fluid. 



le conduit are controlled to reduce contamination of 
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2933. The system of claim 2924, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

2934. The system of claim 2924, wherein the oxidizing miid is substantially inhibited 
from flowing into portions of the formation beyond the/eaction zone. 

2935. The system of claim 2924, further comprisirig a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. / 

2936. The system of claim 2924, whereiii the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

2937. The system of claim 2924, fumher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation; / 

2938. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2939. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein tne overburden casing is further disposed in cement. 

2940. The system of dlaim 2924, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a jimction of the overburden 
casing and the opening. 
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2941 . The system of claim 2924, further comprising an overburden casing/coupled to 
the opening, wherein the overburden casing is disposed in an overburdenySf the 
formation, wherein a packing material is disposed at a junction of the o/erburden casing 
and the opening, and wherein the packing material is configured to suostantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 

2942. The system of claim 2924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in aja overburden of the 
formation, wherein a packing material is disposed at a juniCtion of the overburden casing 
and the opening, and wherein the packing material commises cement. 

2943. The system of claim 2924, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocpbons in the pyrolysis zone. 

2944. A system configurable to heat a hydrocarbon containing formation, comprising: 
an electric heater configurable to be di/sposed in an opening in the formation, 

wherein the electric heater is further configurable to provide heat to at least a portion of 
the formation during use, and wherein at le/st the portion is located substantially adjacent 
to the opening; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide an oxidising fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize auleast some hydrocarbons at the reaction zone 
during use such that heat is generatea at the reaction zone; and 

wherein the system is furthe|r configurable to allow heat to transfer substantially 
by conduction fi*om the reaction zone to a pyrolysis zone of the formation during use. 



2945. The system of claim 2944, 
heat in the reaction zone such that 
zone substantially by diffiision. 



herein the oxidizing fluid is configurable to generate 
the oxidizing fluid is transported through the reaction 
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2946. The system of claim 2944, wherein the conduit comprises orifioes, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

2947. The system of claim 2944, wherein the conduit comprised critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation m the formation is controlled. 

2948. The system of claim 2944, wherein the conduit is further configurable to be 
cooled with the oxidizing fluid such that the conduit i/ not substantially heated by 
oxidation. 

2949. The system of claim 2944, wherein the cg^iduit is further configurable to remove 
an oxidation product. 

2950. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation product transfers heat to the oxidizing fluid. 

295 1 . The system of claim 2944, where/n the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 

2952. The system of claim 2944, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 



2953. The system of claim 29^4, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the fonmation beyond the reaction zone. 



\ 
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2954. The system of claim 2944, wherein the oxidizing fluid is substanti^ly inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2955. The system of claim 2944, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the /Oxidizing fluid into the 
opening during use, and wherein the conduit is further configur^le to remove an 
oxidation product during use. 

2956. The system of claim 2944, wherein the portion of ^e formation extends radially 
from the opening a width of less than approximately 0.2y 

2957. The system of claim 2944, further comprisin^an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

2958. The system of claim 2944, further composing an overburden casing coupled to 
the opening, wherein the overburden casing is flisposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2959. The system of claim 2944, further oomprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2960. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



2961. The system of claim 2944, fiirther comprising an overburden casmg coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing mater al is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is configurable to^substantially inhibit 
a flow of fluid between the opening and the overburden casing dimng use. 

2962. The system of claim 2944, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in mi overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material commses cement. 

2963. The system of claim 2944, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocsirbons in the pyrolysis zone. 

2964. A system configured to heat a hydrocarpon containing formation, comprising: 

a conductor disposed in a first condui^ wherein the first conduit is disposed in an 
opening in the formation, and wherein the conductor is configured to provide heat to at 
least a portion of the formation during use/ 

an oxidizing fluid source; / 

a second conduit disposed in the opening, wherein the second conduit is 
configured to provide an oxidizing flmd from the oxidizing fluid source to a reaction 
zone in the formation during use, and wherein the oxidizing fluid is selected to oxidize at 
least some hydrocarbons at the reaction zone during use such that heat is generated at the 
reaction zone; and / 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2965. The system of claim 2964, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such mat the oxidizing fluid is transported through the reaction 
zone substantially by diffusioi . 

2966. The system of claim 2964, wherein the second conduit comprises orifices, and 
wherein the orifices are confi jured to provide the oxidizing fluid into the opening. 
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2967. The system of claim 2964, wherein the second condui/ comprises critical flow 
orifices, and wherein the critical flow orifices are configure4 to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formaticin is controlled. 

2968. The system of claim 2964, wherein the second/conduit is further configured to be 
cooled with the oxidizing fluid to reduce heating of me second conduit by oxidation. 

2969. The system of claim 2964, wherein the S9Cond conduit is fiirther configured to 
remove an oxidation product. 

2970. The system of claim 2964, wherein the second conduit is fiirther configured to 
remove an oxidation product such that the ^xidation product transfers heat to the 
oxidizing fluid. 

2971 . The system of claim 2964, wherein the second conduit is fiirther configured to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate yof the oxidation product in the second conduit. 

2972. The system of claim 2964, wherein the second conduit is fiirther configured to 
remove an oxidation product, andAvherein a pressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation product in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2973. The system of claim 2i?64, wherein the second conduit is fiirther configured to 
remove an oxidation product/ and wherein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



2974. The system of claim 2964, wherein the oxidizing fluid is substantially inhibited 
fi^om flowing into portions of the formation beyond the reaction zone. 
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2975. The system of claim 2964, further comprising a center condmt disposed within 
the second conduit, wherein the center conduit is configured to provide the oxidizing 
fluid into the opening during use, and wherein the second conduit is further configured to 
remove an oxidation product during use. 

2976. The system of claim 2964, wherein the portion o/ the formation extends radially 
fi-om the opening a width of less than approximately 04 m. 

2977. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is di^osed in an overburden of the 
formation. 

2978. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

2979. The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

2980. The system of claim 2964,/further comprising an overburden casing coupled to 
the opening, wherein a packing r^aterial is disposed at a junction of the overburden 
casing and the opening. 



298 1 . The system of claim 2964, further comprising an overburden casing coupled to 
the opening, wherein the overmirden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the overburden casing during use. 
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2982. The system of claim 2964, further comprising an overburden casing cCupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. / 

2983. The system of claim 2964, wherein the system is further configured such that 
transferred heat can pyrolyze at least some hydrocarbons in the pwolysis zone. 

2984. A system configurable to heat a hydrocarbon containing formation, comprising: 
a conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed in an opening in the formation, and wherein the 
conductor is further configurable to provide heat to at leas/ a portion of the formation 
during use; / 

a second conduit configurable to be disposed inyihe opening, wherein the second 
conduit is further configurable to provide an oxidizing fluid from an oxidizing fluid 
source to a reaction zone in the formation during usa and wherein the system is 
configurable to allow the oxidizing fluid to oxidize/at least some hydrocarbons at the 
reaction zone during use such that heat is generaterd at the reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

2985. The system of claim 2984, wherein tMe oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidising fluid is transported through the reaction 
zone substantially by diffusion. / 

2986. The system of claim 2984, wherein the second conduit comprises orifices, and 
wherein the orifices are configurable tof provide the oxidizing fluid into the opening. 

2987. The system of claim 2984, wtterein the second conduit comprises critical flow 
orifices, and wherein the critical flo^^ orifices are configurable to control a flow of the 
oxidizing fluid such that a rate of oxidation in the formation is controlled. 
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2988. The system of claim 2984, wherein the second conduit is furthe/ configurable to 
be cooled with the oxidizing fluid to reduce heating of the second coirauit by oxidation. 

2989. The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product. / 

2990. The system of claim 2984, wherein the second condmt is further configurable to 
remove an oxidation product such that the oxidation prodyct transfers heat to the 
oxidizing fluid. / 

2991 . The system of claim 2984, wherein the second conduit is further configurable to 
remove an oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit 
is approximately equal to a flow rate of the oxidation product in the second conduit. 

2992. The system of claim 2984, wherein the^second conduit is further configurable to 
remove an oxidation product, and wherein aypressure of the oxidizing fluid in the second 
conduit and a pressure of the oxidation proauct in the second conduit are controlled to 
reduce contamination of the oxidation product by the oxidizing fluid. 

2993. The system of claim 2984, whefrein the second conduit is further configurable to 
remove an oxidation product, and wMerein the oxidation product is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

2994. The system of claim 2984, wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of tne formation beyond the reaction zone. 

2995. The system of claim 2984, further comprising a center conduit disposed within 
the second conduit, wherein center conduit is configurable to provide the oxidizing fluid 
into the opening during use, and wherein the second conduit is further configurable to 
remove an oxidation product during use. 
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2996. The system of claim 2984, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. / 

2997. The system of claim 2984, further comprising an overburden /asing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. / 

2998. The system of claim 2984, further comprising an oven)urden casing coupled to 
the opening, wherein the overburden casing is disposed in s(n overburden of the 
formation, and wherein the overburden casing comprisesysteeL 

2999. The system of claim 2984, fiulher comprisingyan overburden casing coupled to 
the opening, wherein the overburden casing is dispo/ed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3000. The systeni of claim 2984, further compmsing an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3001. The system of claim 2984, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is flisposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening ana the overburden casing during use. 

3002. The system of claim 2984, fumher comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 
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3003. The system of claim 2984, wherein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysi/ zone. 

3004. An in situ method for heating a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an o/idizing fluid, wherein 
heating comprises applying an electrical current to a conductor disposed in a first conduit 
to provide heat to the portion, and wherein the first conduit is disposed within the 
opening; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at feast a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantisflly by conduction firom the reaction zone 
to a pyrolysis zone in the formation. / 

3005. The method of claim 3004, further ycomprising transporting the oxidizing fluid 
through the reaction zone by diffusion. / 

3006. The method of claim -3004, fucmer comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a second conduit disposed in the 
opening. / 

3007. The method of claim 3004, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a second conduit disposed in the opening such that a 
rate of oxidation is controlled. / 

3008. The method of claim B004, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is supstantially constant over time within the reaction zone. 
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3009. The method of claim 3004, wherein a second conduit is disposed in the opening, 
the method further comprising cooHng the second conduit with the oxidizing miid to 
reduce heating of the second conduit by oxidation. / 

30 1 0. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit. / 

3011. The method of claim 3004, wherein a second conduit i/ disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and transferring heaytrom the oxidation product in 
the conduit to the oxidizing fluid in the second conduit. / 

3012. The method of claim 3004, wherein a second /onduit is disposed within the 
opening, the method further comprising removing ap oxidation product from the 
formation through the second conduit, wherein a now rate of the oxidizing fluid in the 
second conduit is approximately equal to a flow /ate of the oxidation product in the 
second conduit. / 

3013. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprising removing an oxidation product from the 
formation through the second conduit and/controlling a pressure between the oxidizing 
fluid and the oxidation product in the second conduit to reduce contamination of the 
oxidation product by the oxidizing fluid 

3014. The method of claim 3004, wherein a second conduit is disposed within the 
opening, the method further comprismg removing an oxidation product from the 
formation through the conduit and substantially inhibiting the oxidation product from 
flowing into portions of the formation beyond the reaction zone. 
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3015. The method of claim 3004, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reajition zone. 

3016. The method of claim 3004, wherein a center conduit is dispose^ within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through ^e center conduit and 
removing an oxidation product through the outer conduit. 



10 



3017. The method of claim 3004, wherein the portion of th9aormation extends radially 
from the opening a width of less than approximately 0.2 my 



301 8. The method of claim 3004, fiirther comprising removing water from the formation 
prior to heating the portion. 



15 
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3019. The method of claim 3004, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3020. The method of claim 3004, ftirther comprising coupling an overburden casing to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation. 

3021 . The method of claim 3004, fiirthey comprising coupling an overburden casing to 
the opening, wherein the overburden casmg is disposed in an overburden of the 
formation, and wherein the overburden/^asing comprises steel. 

3022. The method of claim 3004, fiihher comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overbucaen casing is further disposed in cement. 



\ 
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3023. The method of claim 3004, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction yff the overburden 
casing and the opening. 

3024. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed in an opening in thfe formation, wherein the 

insulated conductor is configured to provide heat to at l^ast a portion of the formation 
during use; 

an oxidizing fluid source; 

a conduit disposed in the opening, wherein ihe conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to/a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected /o oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is configured to allow heat to transfer substantially by 
conduction from the reaction zone to a pyrcflysis zone of the formation during use. 

3025. The system of claim 3024, wherdn the oxidizing fluid is configured to generate 
heat in the reaction zone such that the qkidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3026. The system of claim 3024, Wherein the conduit comprises orifices, and wherein 
the orifices are configured to provitle the oxidizing fluid into the opening. 

3027. The system of claim 3024, wherein the conduit comprises critical flow orifices, 
. and wherein the critical flow orifices are configured to control a flow of the oxidizing 

fluid such that a rate of oxidation in the formation is controlled. 



3028. The system of claim 3024, wherein the conduit is configured to be cooled with the 
oxidizing fluid such that the conduit is not substantially heated by oxidation. 
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3029. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product. 

3030. The system of claim 3024, wherein the conduit is furmer configured to remove an 
oxidation product, and wherein the conduit is further confi§^:ed such that the oxidation 
product transfers substantial heat to the oxidizing fluid. 

303 1. The system of claim 3024, wherein the condui/ is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 



3032. The system of claim 3024, wherein the yconduit is further configured to remove an 
oxidation product, and wherein a pressure of me oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
of the oxidation product by the oxidizing fluid. 



3033. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxpation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3024,ywherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 



3035. The system of claim 3024, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and yherein the conduit is further configured to remove an 
oxidation product during use 



3036. The system of clain 
from the opening a width o 



3024, wherein the portion of the formation extends radially 
less than approximately 0.2 m. 
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3029. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product. / 

3030. The system of claim 3024, wherein the conduit is furmer configured to remove an 
oxidation product, and wherein the conduit is further confieured such that the oxidation 
product transfers substantial heat to the oxidizing fluid. / 

303 1 . The system of claim 3024, wherein the conduiji: is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidationf product in the conduit. 

3032. The system of claim 3024, wherein the Zonduit is further configured to remove an 
oxidation product, and wherein a pressure of me oxidizing fluid in the second conduit and 
a pressure of the oxidation product in the conduit are controlled to reduce contamination 
of the oxidation product by the oxidizing fluid. 

3033. The system of claim 3024, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxjaation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3034. The system of claim 3024,yWherein the oxidizing fluid is substantially inhibited 
from flowing into portions of theyrormation beyond the reaction zone. 

3035. The system of claim 30M, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and wherein the conduit is further configured to remove an 
oxidation product during use. 

3036. The system of claini 3024, wherein the portion of the formation extends radially 
from the opening a width or less than approximately 0.2 m. 
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3037. The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3038. The system of claim 3024, further comprising an overbdrden casing coupled to 
the opening, wherein the overburden casing is disposed in aja overburden of the 
formation, and wherein the overburden casing comprises sieel. 

3039. The system of claim 3024, further comprising overburden casing coupled to 
the opening, wherein the overburden casing is dispo/ed in an overburden of the 
formation, and wherein the overburden casing is fi^er disposed in cement. 

3040. The system of claim 3024, further comp/ising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3041 . The system of claim 3024, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and /he overburden casing during use. 

3042. The system of claim 3024, fuhher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3043. The system of claim 3024, wherein the system is further configured such that 



transferred heat can pyrolyze at 



3044. A system configurable to 



east some hydrocarbons in the pyrolysis zone. 



heat a hydrocarbon containing formation, comprising: 



711 



Conley, Rose & Tayon, P C. 



an insulated conductor configurable to be disposed in an opening/in the formation, 
wherein the insulated conductor is fiirther configurable to provide heayto at least a 
portion of the formation during use; 

a conduit configurable to be disposed in the opening, wherefn the conduit is 
fiirther configurable to provide an oxidizing fluid from an oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the syst<em is configurable to 
allow the oxidizing fluid to oxidize at least some hydrocarbons at the reaction zone 
during use such that heat is generated at the reaction zone; and 

wherein the system is fiirther configurable to allow heat to transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of the formation during use. 

3045. The system of claim 3044, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fljaid is transported through the reaction 
zone substantially by diffusion. 

3046. The system of claim 3044, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3047. The system of claim 3044, where/n the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 

3048. The system of claim 3044, wherein the conduit is fiirther configurable to be 
cooled with the oxidizing fluid sucfi that the conduit is not substantially heated by 
oxidation. 



3049. The system of claim 304/t, wherein the conduit is further configurable to remove 
an oxidation product. 



3050. The system of claim 30 



4, wherein the conduit is further configurable to remove 



an oxidation product, such that the oxidation product transfers heat to the oxidizing fluid. 
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305 1 . The system of claim 3044, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a flow rate of the oxidizing fluid in Ine conduit is 
approximately equal to a flow rate of the oxidation product in the coriduit. 

3052. The system of claim 3044, wherein the conduit is further^onfigurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in the conduit are controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. / 

3053. The system of claim 3044, wherein the conduit /s further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3054. The system of claim 3044, wherein the ox/dizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3055. The system of claim 3044, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. / 

3056. The system of claim 3044, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3057. The system of claim 3044, fu] 
the opening, wherein the overburden 
formation. 



er comprising an overburden casing coupled to 
casing is disposed in an overburden of the 
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3058. The system of claim 3044, further comprising an overburden casin/coupled to 
the opening, wherein the overburden casing is disposed in an overburde^of the 
formation, and wherein the overburden casing comprises steel. 

3059. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3060. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a j;inction of the overburden 
casing and the opening. 

3061 . The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed/at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the oveSrburden casing during use. 

3062. The system of claim 3044, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3063. The system of claim 3044, whetein the system is further configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 



3064. An in situ method for heatirm a hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 
of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises applying an electrical current to an insulated conductor to provide heat 
to the portion, and wherein the insulated conductor is disposed within the opening; 



V 
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providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrp^carbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction fronyflie reaction zone 
to a pyrolysis zone in the formation. 

3065. The method of claim 3064, further comprising transpor^g the oxidizing fluid 
through the reaction zone by diffusion. 

3066. The method of claim 3064, further comprising di/ecting at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3067. The method of claim 3064, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit dispj/sed in the opening such that a rate of 
oxidation is controlled. 

3068. The method of claim 3064, further comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3069. The method of claim 3064, v^erein a conduit is disposed in the opening, the 
method further comprising coolingyihe conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

3070. The method of claim 30^4, wherein a conduit is disposed within the opening, the 
method further comprising reipoving an oxidation product from the formation through 
the conduit. 

3071 . The method of clair^ 3064, wherein a conduit is disposed within the opening, the 
method further comprising/removing an oxidation product from the formation through 
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the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3072. The method of claim 3064, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product ftpm the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in th6 conduit is approximately 
equal to a flow rate of the oxidation product in the conduit. 

3073. The method of claim 3064, wherein a condui/is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure between the oxidizing fluid and the oxidation 
product in the conduit to reduce contaminationyof the oxidation product by the oxidizing 
fluid. 

3074. The method of claim 3064, whereirf a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting me oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

3075. The method of claim 3064, mrther comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3076. The method of claim 3064, wherein a center conduit is disposed v^thin an outer 
conduit, and wherein the outer^onduit is disposed v^thin the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3077. The method of claim 3064, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 
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3078. The method of claim 3064, further comprising removing water from the formation 
prior to heating the portion. / 

3079. The method of claim 3064, further comprising controlling th/temperature of the 
formation to substantially inhibit production of oxides of nitrogenyluring oxidation. 

3080. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in ay overburden of the 
formation. / 

308 1 . The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing compnses steel. 

3082. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3083. The method of claim 3064, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3084. The method of claim 3064, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. / 

3085. An in situ method for heating A hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein the 
portion is located substantially adjacent to an opening in the formation, wherein heating 
comprises applying an electrical cipent to an insulated conductor to provide heat to the 
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portion, wherein the insulated conductor is coupled to a conduit, w^rein the conduit 
comprises critical flow orifices, and wherein the conduit is disposed within the opening; 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 

3086. The method of claim 3085, further comprising/transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3087. The method of claim 3085, further comprising controlling a flow of the oxidizing 
fluid with the critical flow orifices such that a rate of oxidation is controlled. 

3088. The method of claim 3085, further co/nprising increasing a flow of the oxidizing 
fluid in the opening to acconmiodate an inc/ease in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3089. The method of claim 3085, furthfer comprising cooling the conduit with the 
oxidizing fluid to reduce heating of the/conduit by oxidation. 

3090. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the coniuit. 

3091 . The method of claim 3085/ further comprising removing an oxidation product 
from the formation through the conduit and transferring heat from the oxidation product 
in the conduit to the oxidizing fluid in the conduit. 



3092. The method of claim 3 
from the formation through the 
conduit is approximately equal 



85, further comprising removing an oxidation product 
conduit, wherein a flow rate of the oxidizing fluid in the 
to a flow rate of the oxidation product in the conduit. 
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3093. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and controlling a pressure l/etween the oxidizing 
fluid and the oxidation product in the conduit to reduce contamija(ation of the oxidation 
product by the oxidizing fluid. 

3094. The method of claim 3085, further comprising removing an oxidation product 
from the formation through the conduit and substantially inhibiting the oxidation product 
from flowing into portions of the formation beyond thje reaction zone. 

3095. The method of claim 3085, further comprismg substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3096. The method of claim 3085, wherein a aenter conduit is disposed within the 
conduit, the method further comprising providing the oxidizing fluid into the opening 
through the center conduit and removing aiyoxidation product through the conduit. 

3097. The method of claim 3085, where/n the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3098. The method of claim 3085, fiir/her comprising removing water from the formation 
prior to heating the portion. 

3099. The method of claim 3085, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 



3 100. The method of claim 30851 further comprising coupling an overburden casing to 



the opening, wherein the overbun 
formation. 



ien casing is disposed in an overburden of the 
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3101. The method of claim 3085, further comprising coupling an o/verburden casing to 
the opening, wherein the overburden casing is disposed m an ovepurden of the 
formation, and wherein the overburden casing comprises steel. 

3 102. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation, and wherein the overburden casing is further>aisposed in cement. 

3 103. The method of claim 3085, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposeyi at a junction of the overburden 
casing and the opening. 

3 104. The method of claim 3085, wherein th^ pyrolysis zone is substantially adjacent to 
the reaction zone. 

3 105. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member disposed in an opening in the formation, wherein at 

least the one elongated member is con|(gured to provide heat to at least a portion of the 
formation during use; 

an oxidizing fluid source; 

a conduit disposed in the oi^ening, wherein the conduit is configured to provide an 
oxidizing fluid from the oxidizing fluid source to a reaction zone in the formation during 
use, and wherein the oxidizing fluid is selected to oxidize at least some hydrocarbons at 
the reaction zone during use such that heat is generated at the reaction zone; and 

wherein the system is Configured to allow heat to transfer substantially by 
conduction from the reaction/zone to a pyrolysis zone of the formation during use. 



3 106. The system of clairn 3 105, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 
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3 1 07. The system of claim 3 1 05, wherein the conduit comprises orific/s, and wherein 
the orifices are configured to provide the oxidizing fluid into the opening. 

3 108. The system of claim 3105, wherein the conduit comprises/critical flow orifices, 
and wherein the critical flow orifices are configured to control zi flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controll/d. 

3 109. The system of claim 3 105, wherein the conduit isnlirther configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3110. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product. / 

3111. The system of claim 3 1 05, wherein th^conduit is further configured to remove an 
oxidation product such that the oxidation propuct transfers heat to the oxidizing fluid. 

3112. The system of claim 3 105, whereiriAhe conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of th^oxidation product in the conduit. 

3113. The system of claim 3105, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product in tne conduit are controlled to reduce contamination of 
the oxidation product by the oxidizimg fluid. 

3114. The system of claim 3 105, wherein the conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited fi-om 
flov^ng into portions of the formation beyond the reaction zone. 

3115. The system of claim 3 105J wherein the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 
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3116. The system of claim 3105, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide th^ oxidizing fluid into 
the opening during use, and wherein the conduit is further confined to remove an 
oxidation product during use. 

3117. The system of claim 3 105, wherein the portion of tiie formation extends radially 
from the opening a width of less than approximately 0.2/m. 

3118. The system of claun 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3119. The system of claim 3 1 05, further colinprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden oasing comprises steel. 

3120. The system of claim 3105, fumher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3121. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 



3 122. The system of claim B 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packjbg material is disposed at a junction of the overburden casing 



and the opening, and whe: 
flow of fluid between the 



ein the packing material is configured to substantially inhibit a 
opening and the overburden casing during use. 



1 
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3 123. The system of claim 3 105, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overbvu-den of the 
formation, wherein a packing material is disposed at a junction oPthe overburden casing 
and the opening, and wherein the packing material comprises cement. 

3 124. The system of claim 3 105, wherein the system is farther configured such that 
transferred heat can pyrolyze at least some hydrocarbon/in the pyrolysis zone. 

3 125. A system configurable to heat a hydrocarbor/containing formation, comprising: 
at least one elongated member configurabl/e to be disposed in an opening in the 

formation, wherein at least the one elongated member is further configurable to provide 
heat to at least a portion of the formation during use; 

a conduit configurable to be disposedAn the opening, wherein the conduit is 
further configurable to provide an oxidizing^fluid from the oxidizing fluid source to a 
reaction zone in the formation during use, and wherein the system is configurable to 
allow the oxidizing fluid to oxidize at leaist some hydrocarbons at the reaction zone 
during use such that heat is generated at Ahe reaction zone; and 

wherein the system is further configurable to allow heat to transfer substantially 
by conduction from the reaction zone lo a pyrolysis zone of the fomiation during use. 

3 126. The system of claim 3 1 25, Wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that pe oxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 127. The system of claim 3 126, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 



3 128. The system of claim 3 1/25, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 
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3 129. The system of claim 3 125, wherein the conduit is further cojmgurable to be 
cooled with the oxidizing fluid such that the conduit is not subst^tially heated by 
oxidation. / 

3 1 30. The system of claim 3 125, wherein the conduit is4urther configurable to remove 
an oxidation product. / 

3131. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product such that the oxidation prcfduct transfers heat to the oxidizing fluid. 

3 132. The system of claim 3 125, wherein^e conduit is further configurable to remove 
an oxidation product, and wherein a flowyrate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of thp oxidation product in the conduit. 

3133. The system of claim 3 125, wherein the conduit is further configurable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the conduit and a 
pressure of the oxidation product m the conduit are controlled to reduce contamination of 
the oxidation product by the oxiaizing fluid. 

3134. The system of claim 3l25, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3135. The system of claii 
from flowing into portion! 

3 1 36. The system of claim 3 125, further comprising a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the conduit is further configurable to remove an 
oxidation product during use. 

\ 
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3125, wherein the oxidizing fluid is substantially inhibited 
of the formation beyond the reaction zone. 



3137. The system of claim 3 125, wherein the portion of the format^ extends radially 
from the opening a width of less than approximately 0.2 m. 

3138. The system of claim 3 125, further comprising an ovep6urden casing coupled to 
the opening, wherein the overburden casing is disposed in^ overburden of the 
formation. 

3 139. The system of claim 3 1 25, further comprisii^ an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing Giomprises steel. 

3 140. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden easing is further disposed in cement. 

3141. The system of claim 3 1 25, funher comprising an overburden casing coupled to 
the opening, wherein a packing maprial is disposed at a junction of the overburden 
casing and the opening. 

3 142. The system of claim 3 125, further comprising an overburden casing coupled to 
the opening, wherein the overtturden casing is disposed in an overburden of the 
formation, wherein a packine/material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the /opening and the overburden casing during use. 



3 1 43 . The system of claim 3125, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation, wherein a pa 
and the opening, and wh 



ng material is disposed at a junction of the overburden casing 
rein the packing material comprises cement. 
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3144. The system of claim 3 125, wherein the system is furtner configurable such that 
transferred heat can pyrolyze at least some hydrocarbons in the pyrolysis zone. 

3 145. An in situ method for heating a hydrocarbon Containing formation, comprising: 
heating a portion of the formation to a temt^rature sufficient to support reaction 

of hydrocarbons within the portion of the formatfon with an oxidizing fluid, wherein 
heating comprises applying an electrical curreiat to at least one elongated member to 
provide heat to the portion, and wherein at l^ast the one elongated member is disposed 
within the opening; 

providing the oxidizing fluid to a/l*eaction zone in the formation; 

allowing the oxidizing fluid to yeact with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated hgat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation 

3146. The method of claim 3145, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3 147. The method of claim 3 145, further comprising directing at least a portion of the 
oxidizing fluid into the opeoiing through orifices of a conduit disposed in the opening. 

3 148. The method of claim 3 145, further comprising controlling a flow of the oxidizing 
fluid with critical flow ^rifices of a conduit disposed in the opening such that a rate of 
oxidation is controlled/ 



3 149. The method of claim 3 145, further comprising increasing a flow of the oxidizing 
fluid in the opening lo accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 
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3 150. The method of claim 3 145, wherein a conduit is disposed in the oyening, the 
method further comprising cooling the conduit with the oxidizing fluid/fo reduce heating 
of the conduit by oxidation. / 



3151. The method of claim 3 145, wherein a conduit is disposedAvithin the opening, the 
method further comprising removing an oxidation product frojn the formation through 
the conduit. 

3 152. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring heat from the oxidation product in the conduit to the 
oxidizing fluid in the conduit. 

3 153. The method of claim 3 145, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit is approximately 
equal to a flow rate of the oxidation product m the conduit. 

3 154. The method of claim 3 145, whereinr a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and controlling a pressure beiween the oxidizing fluid and the oxidation 
product in the conduit to reduce contan:]Jnation of the oxidation product by the oxidizing 
fluid. 

3 155. The method of claim 3 145, Wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiiing the oxidation product from flowing into portions 
of the formation beyond the reaction zone. 



3156. The method of claim 3 1 4 
oxidizing fluid from flowing into 



further comprising substantially inhibiting the 
portions of the formation beyond the reaction zone. 
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3 157. The method of claim 3 145, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit is disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening thrc^gh the center conduit and 
removing an oxidation product through the outer conduit. 

3158. The method of claim 3 145, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 1 59. The method of claim 3 145, fiirther comprisi^ig removing water from the formation 
prior to heating the portion. 

3 1 60. The method of claim 3145, fiirther comprising controlling the temperature of the 
formation to substantially inhibit production on oxides of nitrogen during oxidation. 

3161. The method of claim 3145, fiirther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3 162. The method of claim 3 145, fipther comprising coupling an overburden casing to 
the opening, wherein the overburde^ casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3163. The method of claim 3145, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the ov|erburden casing is further disposed in cement. 



3 1 64. The method of claim/3 1 45, further comprising coupling an overburden casing to 



the opening, wherein a pad 
casing and the opening. 



ng material is disposed at a junction of the overburden 
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3 165. The method of claim 3 145, wherein the pyrolysis zone is sybstantialiy adjacent to 
the reaction zone. 

3 166. A system configured to heat a hydrocarbon containing formation, comprising: 
a heat exchanger disposed external to the formatio^, wherein the heat exchanger 

is configured to heat an oxidizing fluid during use; 

a conduit disposed in the opening, wherein the^conduit is configured to provide 
the heated oxidizing fluid from the heat exchanger to at least a portion of the formation 
during use, wherein the system is configured to al/ow heat to transfer from the heated 
oxidizing fluid to at least the portion of the formation during use, and wherein the 
oxidizing fluid is selected to oxidize at least some hydrocarbons at a reaction zone in the 
formation during use such that heat is generated at the reaction zone; and 

wherein the system is configured to Allow heat to transfer substantially by 
conduction from the reaction zone to a pyplysis zone of the formation during use. 

3 167. The system of claim 3 166, wherein the oxidizing fluid is configured to generate 
heat in the reaction zone such that the jSxidizing fluid is transported through the reaction 
zone substantially by diffusion. 

3 168. The system of claim 3166, wherein the conduit comprises orifices, and wherein 
the orifices are configured to provLae the oxidizing fluid into the opening. 

3 1 69. The system of claim 3 1 66, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orffices are configured to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formation is controlled. 



3 1 70. The system of claim 3ll66, wherein the conduit is ftirther configured to be cooled 
with the oxidizing fluid such that the conduit is not substantially heated by oxidation. 

3171. The system of claim p 1 66, wherein the conduit is ftirther configured to remove an 
oxidation product. 
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3 1 72. The system of claim 3 1 66, wherein the conduit is fixrthey configured to remove an 
oxidation product, such that the oxidation product transfers heaft to the oxidizing fluid. 

3 1 73 . The system of claim 3 1 66, wherein the conduit is further configured to remove an 
oxidation product, and wherein a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation prod/ct in the conduit. 

3 1 74. The system of claim 3 166, wherein the conduit is further configured to remove an 
oxidation product, and wherein a pressure of the oxixiizing fluid in the conduit and a 
pressure of the oxidation product in the conduit a^ controlled to reduce contamination of 
the oxidation product by the oxidizing fluid. 

3 1 75 . The system of claim 3 1 66, wherein th^^ conduit is further configured to remove an 
oxidation product, and wherein the oxidation product is substantially inhibited from 
flowing into portions of the formation beyond the reaction zone. 

3 1 76. The system of claim 3 1 66, where/n the oxidizing fluid is substantially inhibited 
from flowing into portions of the formation beyond the reaction zone. 

3 1 77. The system of claim 3 1 66, further comprising a center conduit disposed within 
the conduit, wherein the center conduit is configured to provide the oxidizing fluid into 
the opening during use, and whereijii the conduit is further configured to remove an 
oxidation product during use. 

3178. The system of claim 316^5, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 



3 1 79. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the ovem^urden casing is disposed in an overburden of the 



formation. 



V 
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3180. The system of claim 3 1 66, further comprising an overburden ca^ng coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3181. The system of claim 3 1 66, further comprising an overbumen casing coupled to 
the opening, wherein the overburden casing is disposed in an Overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3 1 82. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed a/ a junction of the overburden 
casing and the opening. 

3 1 83. The system of claim 3 1 66, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configured to substantially inhibit a 
flow of fluid between the opening and the Oyverburden casing during use. 

3 1 84. The system of claim 3 166, further/comprising an overburden casing coupled to 
the opening, wherein the overburden casjfng is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3185. A system configurable to heat a hydrocarbon containing formation, comprising: 
a heat exchanger configurable to be disposed external to the formation, wherein 
the heat exchanger is further configurable to heat an oxidizing fluid during use; 

a conduit configurable to be disposed in the opening, wherein the conduit is 
further configurable to provide the heated oxidizing fluid from the heat exchanger to at 
least a portion of the formation during use, wherein the system is configurable to allow 
heat to transfer fi-om the heated oxidi zing fluid to at least the portion of the formation 
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during use, and wherein the system is further configurable to allow th(6 oxidizing fluid to 
oxidize at least some hydrocarbons at a reaction zone in the formation during use such 
that heat is generated at the reaction zone; and 

wherein the system is further configurable to allow heat tc( transfer substantially 
by conduction from the reaction zone to a pyrolysis zone of theyiormation during use. 

3 1 86. The system of claim 3185, wherein the oxidizing fluid is configurable to generate 
heat in the reaction zone such that the oxidizing fluid is tr^msported through the reaction 
zone substantially by diffusion. 

3 1 87. The system of claim 3185, wherein the conduit comprises orifices, and wherein 
the orifices are configurable to provide the oxidizing fluid into the opening. 

3 1 88. The system of claim 3185, wherein the conduit comprises critical flow orifices, 
and wherein the critical flow orifices are configurable to control a flow of the oxidizing 
fluid such that a rate of oxidation in the formanon is controlled. 

3 1 89. The system of claim 3185, wherein me conduit is further configurable to be 
cooled with the oxidizing fluid such that t^e conduit is not substantially heated by 
oxidation. 

3 1 90. The system of claim 3185, whe/ein the conduit is further configurable to remove 
an oxidation product. 

3191. The system of claim 3185, wherein the conduit is further configurable to remove 
an oxidation product such that the ©xidation product transfers heat to the oxidizing fluid. 



3 192. The system of claim 3185/ wherein the conduit is further configurable to remove 
an oxidation product, and wherem a flow rate of the oxidizing fluid in the conduit is 
approximately equal to a flow rate of the oxidation product in the conduit. 
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3 193. The system of claim 3 1 85, wherein the conduit is further configiirable to remove 
an oxidation product, and wherein a pressure of the oxidizing fluid in the; conduit and a 
pressure of the oxidation product in the conduit are controlled to redu^ contamination of 
the oxidation product by the oxidizing fluid. 

3 194. The system of claim 3 185, wherein the conduit is further configurable to remove 
an oxidation product, and wherein the oxidation product is siAstantially inhibited from 
flowing into portions of the formation beyond the reactiouyzone. 

3 195. The system of claim 3 1 85, wherein the oxidizirig fluid is substantially inhibited 
from flov^ng into portions of the formation beyond tne reaction zone. 

3 196. The system of claim 3 1 85, further comprisfmg a center conduit disposed within 
the conduit, wherein center conduit is configurable to provide the oxidizing fluid into the 
opening during use, and wherein the second copduit is further configurable to remove an 
oxidation product during use. 

3 1 97. The system of claim 3 1 85, wherein piQ portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3 1 98. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 

3 199. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden/ casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 



3200. The system of claim 3185, 
the opening, wherein the overburden 
formation, and wherein the overbui den 



er comprising an overburden casing coupled to 
casing is disposed in an overburden of the 
casing is further disposed in cement. 
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3201 . The system of claim 3185, further comprising an overburden casing coupled to 
the opening, wherein a packing material is disposed at a juimion of the overburden 
casing and the opening. / 

3202. The system of claim 3185, further comprisingyan overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposedyat a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 

3203. The system of claim 3 1 85, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3204. An in situ method for heating af hydrocarbon containing formation, comprising: 
heating a portion of the formation to a temperature sufficient to support reaction 

of hydrocarbons within the portion of the formation with an oxidizing fluid, wherein 
heating comprises: / 

heating the oxidizing fluidAvith a heat exchanger, wherein the heat exchanger is 
disposed extemal to the formation; 

providing the heated oxiaizing fluid firom the heat exchanger to the portion of the 
formation; and / 

allowing heat to transfer fi-om the heated oxidizing fluid to the portion of the 
formation; / 

providing the oxidizing fluid to a reaction zone in the formation; 

allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by conduction from the reaction zone 
to a pyrolysis zone in the formation. 
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3205. The method of claim 3204, further comprising transportinp^the oxidizing fluid 
through the reaction zone by diffusion. 

3206. The method of claim 3204, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 



10 



3207. The method of claim 3204, further comprising ofbntrolling a flow of the oxidizing 
fluid with critical flow orifices of a conduit disposed /n the opening such that a rate of 
oxidation is controlled. 



U 



15 



o 

^ 20 



3208. The method of claim 3204, further composing increasing a flow of the oxidizing 
fluid in the opening to accommodate an increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3209. The method of claim 3204, wherein k conduit is disposed in the opening, the 
method further comprising cooling the conpuit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

32 10. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an/oxidation product from the formation through 
the conduit. 



25 
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3211. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing jan oxidation product firom the formation through 



the conduit and transferring heat firo 
oxidizing fluid in the conduit. 



3212. The method of claim 3204, 
method further comprising removing 



the oxidation product in the conduit to the 



yherein a conduit is disposed within the opening, the 
an oxidation product from the formation through 
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the conduit, wherein a flow rate of the oxidizing fluid inythe conduit is approximately 
equal to a flow rate of the oxidation product in the conpuit. 

3213. The method of claim 3204, wherein a conduit is disposed within the opening, the 
5 method further comprising removing an oxidatioii product from the formation through 
the conduit and controlling a pressure between me oxidizing fluid and the oxidation 
product in the conduit to reduce contaminatioiyof the oxidation product by the oxidizing 
fluid. 

10 3214. The method of claim 3204, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting me oxidation product from flowing into portions 
of the formation beyond the reaction zone. 

15 3215. The method of claim 3204, ftirther comprising substantially inhibiting the 

oxidizing fluid from flowing into p)f>rtions of the formation beyond the reaction zone. 



s 3216. The method of claim 3204, wherein a center conduit is disposed within an outer 

S I / 

2 conduit, and wherein the outer conduit is disposed within the opening, the method fiirther 

ry 20 comprising providing the oxidizing fluid into the opening through the center conduit and 
Q removing an oxidation produci through the outer conduit. 



25 



32 1 7. The method of claim/3204, wherein the portion of the formation extends radially 
from the opening a width or less than approximately 0.2 m. 

3218. The method of clailn 3204, frirther comprising removing water from the formation 
prior to heating the portion. 



30 



3219. The method of clkim 3204, frirther comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 
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3220. The method of claim 3204, fiirther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburdp of the 
formation. 

322 1 . The method of claim 3204, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3222. The method of claim 3204, further comprising ciaupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is fiimier disposed in cement, 

3223. The method of claim 3204, further compnsing coupling an overburden casing to 
the opening, wherein a packing material is disj^sed at a junction of the overburden 
casing and the opening. 

3224. The method of claim 3204, whereii/ the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3225. An in situ method for heating a hydrocarbon containing formation, comprising; 

heating a portion of the formatifon to a temperature sufficient to support reaction 
of hydrocarbons within the portion o^the formation with an oxidizing fluid, wherein 
heating comprises: 

oxidizing a fuel gas in a heajter, wherein the heater is disposed extemal to the 
formation; 

providing the oxidized fue/ gas from the heater to the portion of the formation; 

and 

allowing heat to transfer from the oxidized fiiel gas to the portion of the 
formation; 

providing the oxidizing f uid to a reaction zone in the formation; 
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allowing the oxidizing fluid to react with at least a portion of the hydrocarbons at 
the reaction zone to generate heat at the reaction zone; and 

transferring the generated heat substantially by condij|£tion from the reaction zone 
to a pyrolysis zone in the formation, 

3226. The method of claim 3225, further comprising transporting the oxidizing fluid 
through the reaction zone by diffusion. 

3227. The method of claim 3225, further comprising directing at least a portion of the 
oxidizing fluid into the opening through orifices of a conduit disposed in the opening. 

3228. The method of claim 3225, further comprising controlling a flow of the oxidizing 
fluid with critical flow orifices of a conduit ^sposed in the opening such that a rate of 
oxidation is controlled. 

3229. The method of claim 3225, furthef" comprising increasing a flow of the oxidizing 
fluid in the opening to accommodate an/increase in a volume of the reaction zone such 
that a rate of oxidation is substantially constant over time within the reaction zone. 

3230. The method of claim 3225, Wherein a conduit is disposed in the opening, the 
method further comprising cooling |he conduit with the oxidizing fluid to reduce heating 
of the conduit by oxidation. 

323 1 . The method of claim 3223, wherein a conduit is disposed within the opening, the 
method further comprising remojving an oxidation product from the formation through 
the conduit. 



3232. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and transferring h ;at from the oxidation product in the conduit to the 
oxidizing fluid in the conduit 
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3233. The method of claim 3225, wherein a conduit is disposed within me opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit, wherein a flow rate of the oxidizing fluid in the conduit )s approximately 
equal to a flow rate of the oxidation product in the conduit. 

3234. The method of claim 3225, wherein a conduit is disposed within the opening, the 
method further comprising removing an oxidation product ficom the formation through 
the conduit and controlling a pressure between the oxidizirig fluid and the oxidation 
product in the conduit to reduce contamination of the o?^ation product by the oxidizing 
fluid. 

3235. The method of claim 3225, wherein a condi^it is disposed within the opening, the 
method further comprising removing an oxidation product from the formation through 
the conduit and substantially inhibiting the oxic^tion product from flowing into portions 
of the formation beyond the reaction zone. 

3236. The method of claim 3225, further comprising substantially inhibiting the 
oxidizing fluid from flowing into portions of the formation beyond the reaction zone. 

3237. The method of claim 3225, wherein a center conduit is disposed within an outer 
conduit, and wherein the outer conduit \k disposed within the opening, the method further 
comprising providing the oxidizing fluid into the opening through the center conduit and 
removing an oxidation product through the outer conduit. 



3238, The method of claim 3225, wherein the portion of the formation extends radially 
from the opening a width of less than approximately 0.2 m. 

3239. The method of claim 3225, further comprising removing water from the formation 
prior to heating the portion. 
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3240. The method of claim 3225, further comprising controlling the temperature of the 
formation to substantially inhibit production of oxides of nitrogen during oxidation. 

3241 . The method of claim 3225, further rfomprising coupling an overburden casing to 
the opening, wherein the overburden casiijfg is disposed in an overburden of the 
formation. 

3242. The method of claim 3225, fur^er comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed m an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3243. The method of claim 3225yfurther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3244. The method of claim 3225, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3245. The method of clair^ 3225, wherein the pyrolysis zone is substantially adjacent to 
the reaction zone. 



3246. A system configured to heat a hydrocarbon containing formation, comprising: 

an insulated concmctor disposed within an open wellbore in the formation, 
wherein the insulated conductor is configured to provide radiant heat to at least a portion 
of the formation during /use; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 
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3247. The system of claim 3246, wherein the/msulated conductor is further configured 
to generate heat during application of an electrical current to the insulated conductor 
during use. 

3248. The system of claim 3246, further comprising a support member, wherein the 
support member is configured to support the insulated conductor. 

3249. The system of claim 3246, flirther comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configi/red to maintain a location of the insulated conductor on 
the support member. 

3250. The system of claim ^^46, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 

325 1 . The system of claim 3246, further comprising a lead-m conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 



3252. The system of c 
insulated conductor, wfterein 
conductor. 



3253. The system of c 



aim 3246, further comprising a lead-in conductor coupled to the 
in the lead-in conductor comprises a rubber insulated 



aim 3246, further comprising a lead-in conductor coupled to the 



insulated conductor, wierein the lead-in conductor comprises a copper wire. 

3254. The system of claim 3246, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 
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3255. The system of claim 3246, further comprising a leaj^in conductor coupled to the 
insulated conductor with a cold pin transition conductor/wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3256. The system of claim 3246, wherein the i/sulated conductor comprises a conductor 
disposed in an electrically insulating materialy4nd wherein the electrically insulating 
material is disposed in a sheath. / 

3257. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. / 

3258. The system of claim 3246, ywherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 %yTUckel by weight. 

3259. The system of claimy3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and whereinihe copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately/6 % nickel by weight. 

3260. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electripUy insulating material, and wherein the electrically insulating 
material comprises a thermally conductive material. 

3261 . The systeni of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an elei^trically insulating material, and wherein the electrically insulating 
material comprises magnesium oxide. 
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3262. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically msulating material 
comprises magnesium oxide, and wherein the magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3263. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein th9'^electrically insulating 
material comprises aluminum oxide and magnesium oxide. 

3264. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein me electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occi^y porous spaces within the 
magnesium oxide. 

3265. The system of claim 3246, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material is disposed in a sheath, and wherein t^/e sheath comprises a corrosion-resistant 
material. 

3266. The system of claim 3246, whereinAhe insulated conductor comprises a conductor 
disposed in an electrically insulating matmal, and wherein the electrically insulating 
material is disposed in a sheath, and wherein the sheath comprises stainless steel. 



3267. The system of claim 3246, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configured in a 3 -phase Y configuration. 



3268. The system of claim 3246, 
wherein the insulated conductor and 



fUrther comprising an additional insulated conductor, 
the additional insulated conductor are coupled to a 
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support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. / 

3269. The system of claim 3246, further comprising an additional/insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a parallel electrical configuration./ 

3270. The system of claim 3246, wherein the insulated conductor is configured to 
generate radiant heat of approximately 500 W/m to approximately 1 150 W/m during use. 

3271 . The system of claim 3246, further comprising ^support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the supportmember into the open wellbore 
during use. / 

3272. The system of claim 3246, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the open wellbore during use. 

3273. The system of claim 3246, fiirther o 
conductor, wherein the tube is configured t< 
wellbore during use. / 

3274. The system of claim 3246, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configured to provide a 
substantially constant amoimt of fluid flpw through the support member into the open 
wellbore during use. / 



iprising a tube coupled to the insulated 
I provide a flow of fluid into the open 
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3275. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an ov^urden of the 
formation. 

3276. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed iji an overburden of the 
formation, and wherein the overburden casing comprises steeJ 

3277. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3278. The system of claim 3246, further comprisirm an overburden casing coupled to 
the open wellbore, wherein the overburden casing /s disposed in an overburden of the 
formation, and wherein a packing material is disipsed at a junction of the overburden 
casing and the open wellbore. 

3279. The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden oasing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the open wellbore, and wherein the packing material is configured to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

3280. The system of claim 3246, fiirtMer comprising an overburden casing coupled to 
the open wellbore, wherein the overbiirden casing is disposed in an overburden of the 
formation, wherein a packing materiafl is disposed at a junction of the overburden casing 
and the open wellbore, and wherein ihe packing material comprises cement. 



3281 . The system of claim 3246, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 



\ 
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and a lead-in conductor coupled to the insulated conductor, wherein the >^ellhead is 
disposed external to the overburden, wherein the wellhead comprises A least one sealing 
flange, and wherein at least the one sealing flange is configured to couple to the lead-in 
conductor. / 

3282. The system of claim 3246, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at least som^^of the hydrocarbons in the 
selected section. / 

3283. A system configurable to heat a hydrocarbon containing formation, comprising: 
an insulated conductor configurable to be disposed within an open wellbore in the 

formation, wherein the insulated conductor is ftirther configurable to provide radiant heat 
to at least a portion of the formation during use; ana 

wherein the system is configurable to allow heat to transfer from the insulated 
conductor to a selected section of the formation fluring use. 

3284. The system of claim 3283, wherein the insulated conductor is fiirther configurable 
to generate heat during application of an electrical current to the insulated conductor 
during use. / 

3285. The system of claim 3283, furthey comprising a support member, wherein the 
support member is configurable to support the insulated conductor. 

3286. The system of claim 3283, fiirmer comprising a support member and a centralizer, 
wherein the support member is configurable to support the insulated conductor, and 
wherein the centralizer is configurable to maintain a location of the insulated conductor 
on the support member. / 

3287. The system of claim 3283, wherein the open wellbore comprises a diameter of at 
least approximately 5 cm. 
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3288. The system of claim 3283, further comprising a lead-in com 
insulated conductor, wherein the lead-in conductor comprises a lo\^ 
configurable to generate substantially no heat. / 



^ctor coupled to the 
resistance conductor 



3289. The system of claim 3283, further comprising a leadyin conductor coupled to the 
msulated conductor, wherein the lead-in conductor comprises a rubber insulated 
conductor. 

3290. The system of claim 3283, further comprising^ a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductorycomprises a copper wire. 

3291 . The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3292. The system of claim 3283, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 

3293. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating paterial, and wherein the electrically insulating 
material is disposed in a sheath. 

3294. The system of claim 3283,/wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the conductor comprises a 
copper-nickel alloy. 



3295. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12i% nickel by weight. 



V 
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3296. The system of claim 3283, wherein the insulated conductor c(/mprises a conductor 
disposed in an electrically insulating material, wherein the conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy comprises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. 

3297. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherep the electrically insulating 
material comprises a thermally conductive material, 

3298. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and ^wherein the electrically insulating 
material comprises magnesium oxide. 

3299. The system of claim 3283, wherein theAnsulated conductor comprises a conductor 
disposed in an electrically insulating material/ wherein the electrically insulating material 
comprises magnesium oxide, and wherein tl^e magnesium oxide comprises a thickness of 
at least approximately 1 mm. 

3300. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxide ar/d magnesium oxide. 



3301 . The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain particles ar^ configurable to occupy porous spaces within the 
magnesium oxide. 



3302. The system of claim 328S, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 



\ 
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material is disposed in a sheath, and wherein the sheath comprises a ccmosion-resistant 
material. / 

3303. The system of claim 3283, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the/electrically insulating 
material is disposed in a sheath, and wherein the sheath conmrises stainless steel 

3304. The system of claim 3283, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. / 

3305. The system of claim 3283, fiirther comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a series electrical configuration, 

3306. The system of claim 3283, fiirther comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a paralley electrical configuration. 

3307. The system of claim 3283, wMerein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/m to approximately 1 1 50 W/m during use. 

3308. The system of claim 3283 
support the insulated conductor, j 
configurable to provide fluid flow 
during use. / 

3309. The system of claim 3383, fiirther comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
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'fiirther comprising a support member configurable to 
^herein the support member comprises orifices 
through the support member into the open wellbore 



orifices configurable to provide a substantially constant amount of/luid flow through the 
support member into the open wellbore during use. 

33 1 0. The system of claim 3283, fiirther comprising a tube ooupled to the insulated 
conductor, wherein the tube is configurable to provide a flo;^ of fluid into the open 
wellbore during use. 

3311. The system of claim 3283, fijrther comprising a tube coupled to the first insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount of fluid flow througl/the support member into the open 
wellbore during use. 

33 12. The system of claim 3283, fiirther comti(rising an overburden casing coupled to 
the open wellbore, wherein the overburden c^ing is disposed in an overburden of the 
formation. 

3313. The system of claim 3283, fiirther comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3314. The system of claim 3283, fiimher comprising an overburden casing coupled to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburnen casing is further disposed in cement. 



3315. The system of claim 3283/ fiirther comprising an overburden casing coupled to 
the open wellbore, wherein the ojlerburden casing is disposed in an overburden of the 
formation, and wherein a packiijg material is disposed at a junction of the overburden 
casing and the open wellbore. 



3316. The system of claim 3 
the open wellbore, wherein th(; 



83, further comprising an overburden casing coupled to 
overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction/of the overburden casing 
and the open wellbore, and wherein the packing material is oonfigiirable to substantially 
inhibit a flow of fluid between the open wellbore and the overburden casing during use. 

33 1 7. The system of claim 3283, further comprising 2ui overburden casing coupled to 
the open wellbore, wherein the overburden casing is/xiisposed in an overburden of the 
formation, wherein a packing material is disposedyat a junction of the overburden casing 
and the open wellbore, and wherein the packing material comprises cement. 

33 18. The system of claim 3283, further comprising an overburden casing coupled to 
the open wellbore, wherein the overburden ycasing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wnerein the wellhead comprises at least one sealing 
flange, and wherein at least the one sefaling flange is configurable to couple to the lead-in 
conductor. 

33 19. The system of claim 3283/ wherein the system is further configured to transfer 
heat such that the transferred he^t can pyrolyze at least some hydrocarbons in the selected 
section. 



3320. An in situ method foy heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insulated conductor to provide radiant heat to 

at least a portion of the foirnation, wherein the insulated conductor is disposed within an 
open wellbore in the forrnation; and 

allowing the radi^t heat to transfer from the insulated conductor to a selected 
section of the formatior 

3321. The method of claim 3320, further comprising supporting the insulated conductor 
on a support member. 
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3322. The method of claim 3320, further comprising supporting the insjflated conductor 
on a support member and maintaining a location of the insulated conductor on the support 
member with a centralizer. / 

3323. The method of claim 3320, wherein the insulated condujftor is coupled to two 
additional insulated conductors, wherein the insulated conduotor and the two insulated 
conductors are disposed within the open wellbore, and whe/ein the three insulated 
conductors are electrically coupled in a 3 -phase Y config;dration. 

3324. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore. / 

3325. The method of claim 3320, wherein an additional insulated conductor is disposed 
within the open wellbore, and wherein the insulated conductor and the additional 
insulated conductor are electrically coupled in a series configuration. 

3326. The method of claim 3320, whereinfan additional insulated conductor is disposed 
within the open wellbore, and wherein ther insulated conductor and the additional 
insulated conductor are electrically coupled in a parallel configuration. 

3327. The method of claim 3320, whirein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/M. 

3328. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the conductor 
comprises a copper-nickel alloy. / 

3329. The method of claim 332®, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 7 % nickel by we ght to approximately 12 % nickel by weight. 
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3330. The method of claim 3320, wherein the insulated conducto/ comprises a 
conductor disposed in an electrically insulating material, wherein the conductor 
comprises a copper-nickel alloy, and wherein the copper-nickel alloy comprises 
approximately 2 % nickel by weight to approximately 6 % iiickel by weight. 
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3331. The method of claim 3320, wherein the insulatefd conductor comprises a 
conductor disposed in an electrically insulating mat^al, and wherein the electrically 
insulating material comprises magnesium oxide. 

3332. The method of claim 3320, wherein theansulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, and wherein the magnesium oxide 
comprises a thickness of at least approximately 1 mm. 

3333. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, and wherein the electrically 
insulating material comprises alumii/im oxide and nlagnesium oxide. 

3334. The method of claim 3320ywherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the electrically 
insulating material comprises magnesium oxide, wherein the magnesium oxide comprises 
grain particles, and wherein the/grain particles are configured to occupy porous spaces 
within the magnesium oxide. 

3335. The method of claim 8320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein the insulating material 
is disposed in a sheath, and Wherein the sheath comprises a corrosion-resistant material. 
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3336. The method of claim 3320, wherein the insulated conductor comprises a 
conductor disposed in an electrically insulating material, wherein thp insulating material 
is disposed in a sheath, and wherein the sheath comprises stainles? steel. 

3337. The method of claim 3320, further comprising suppomng the insulated conductor 
on a support member and flowing a fluid into the open weltbore through an orifice in the 
support member. / 

3338. The method of claim 3320, further comprising4upporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the open 
wellbore through critical flow orifices in the support member. 

3339. The method of claim 3320, wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor/the method further comprising flowing a 
fluid into the open wellbore through the perforated tube. 

3340. The method of claim 3320, whereiiV a tube is disposed in the open wellbore 
proximate to the insulated conductor, the method further comprising, flowing a 
substantially constant amount a fluid int^ the open wellbore through critical flow orifices 
in the tube. 

3341. The method of claim 3320, f 
on a support member and flowing a 
through an orifice in the support mei 

3342. The method of claim 3320, /wherein a perforated tube is disposed in the open 
wellbore proximate to the insulated conductor, the method further comprising flowing a 
corrosion inhibiting fluid into the ©pen wellbore through the perforated tube. 



ler comprising supporting the insulated conductor 
)rrosion inhibiting fluid into the open wellbore 
iber. 
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3343. The method of claim 3320, further comprising determining a temperature 
distribution in the insulated conductor using an electromagnetic sigjlal provided to the 
insulated conductor. 

3344. The method of claim 3320, further comprising monitc^ing a leakage current of the 
insulated conductor. 

3345. The method of claim 3320, further comprising rg^bnitoring the applied electrical 
current. 

3346. The method of claim 3320, further comprising monitoring a voltage applied to the 
insulated conductor. 

3347. The method of claim 3320, further comprising monitoring a temperature in the 
insulated conductor v^th at least one thermocouple. 

3348. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor, v^herein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3349. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3350. The method of claim 3320, further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor, wherein the 
cold pin transition conductor compripes a substantially low resistance insulated 
conductor. 



3351. The method of claim 3320: 
the open wellbore, wherein the 
formation. 



: iirther comprising coupling an overburden casing to 
oveilburden casing is disposed in an overburden of the 
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3352. The method of claim 3320, further comprising coupling^an overburden casing to 
the open wellbore, wherein the overburden casing is dispose^ in an overburden of the 
formation, and wherein the overburden casing comprises sieel. 

3353. The method of claim 3320, further comprising/coupling an overburden casing to 
the open wellbore, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein the overburden casing is fyrther disposed in cement. 

3354. The method of claim 3320, further con^rising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material i/ disposed at a junction of the overburden 
casing and the open wellbore. 

3355. The method of claim 3320, further comprising coupling an overburden casing to 
the open wellbore, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the open wellbore and the overburden casing with a packing material. 

3356. The method of claim 3320, further comprising heating at least the portion of the 
formation to pyrolyze at least some hydrocarbons within the formation. 



3357. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical jcurrent to an insulated conductor to provide heat to at least 

a portion of the formation, v\perein the insulated conductor is disposed within an opening 
in the formation; and 

allowing the heat tcjf transfer from the insulated conductor to a section of the 
formation. 

3358. The method of claim 1, further comprising supporting the insulated conductor on 
a support member. 
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3359. The method of claim 1 , further comprising supporting the insulated conductor on 
a support member and maintaining a location of the first insulat^ conductor on the 
support member with a centralizer. 

3360. The method of claim 1 , wherein the insulated conductor is coupled to two 
additional insulated conductors, wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherpn the three insulated conductors 
are electrically coupled in a 3-phase Y configuratior 

3361 . The method of claim 1 , wherein an additional insulated conductor is disposed 
within the opening. 

3362. The method of claim 1, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a series configuration. 

3363. The method of claim 1, wherein/an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3364. The method of claim 1 , whefein the provided heat comprises approximately 500 
W/m to approximately 1 150 W/m. 



3365. The method of claim 1 , wHerein the insulated conductor comprises a conductor 
disposed in an electrically insulatpg material, and wherein the conductor comprises a 
copper-nickel alloy. 



3366. The method of claim 1, 
disposed in an electrically insula 



v^herein the insulated conductor comprises a conductor 
ing material, wherein the conductor comprises a copper- 
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nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % nickel by 
weight to approximately 12 % nickel by weight. / 

3367. The method of claim 1 , wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein flie conductor comprises a copper- 
nickel alloy, and wherein the copper-nickel alloy cormrises approximately 2 % nickel by 
weight to approximately 6 % nickel by weight. / 

3368. The method of claim 1 , wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, stnd wherein the electrically insulating 
material comprises magnesium oxide. / 

3369. The method of claim 1 , wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, and where/n the magnesium oxide comprises a thickness of 
at least approximately 1 nmi. / 

3370. The method of claim 1 , wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating material, and wherein the electrically insulating 
material comprises aluminum oxi^e and magnesium oxide. 

3371 . The method of claim 1 , 
disposed in an electrically insul 
comprises magnesivun oxide, ^ 
and wherein the grain particles 
magnesium oxide. / 

3372. The method of claini 1, wherein the insulated conductor comprises a conductor 
disposed in an electrically i: isulating material, wherein the insulating material is disposed 
in a sheath, and wherein th^; sheath comprises a corrosion-resistant material. 



merein the insulated conductor comprises a conductor 
king material, wherein the electrically insulating material 
therein the magnesium oxide comprises grain particles, 
are configured to occupy porous spaces within the 
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3373. The method of claim 1, wherein the insulated conductor comprise/ a conductor 
disposed in an electrically insulating material, wherein the insulating ^terial is disposed 
in a sheath, and wherein the sheath comprises stainless steel. 

3374. The method of claim 1, further comprising supporting tbe insulated conductor on 
a support member and flowing a fluid into the opening throupfi an orifice m the support 
member. 

3375. The method of claim 1 , further comprising suppi^^rting the insulated conductor on 
a support member and flowing a substantially constaiji amount of fluid into the opening 
through critical flow orifices in the support membery 

3376. The method of claim 1 , wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the metho^ further comprising flowing a fluid into 
the opening through the perforated tube. 

3377. The method of claim 1 , wherein a tul5e is disposed in the opening proximate to the 
insulated conductor, the method further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 

3378. The method of claim 1 , further dbmprising supporting the insulated conductor on 
a support member and flowing a corro^on inhibiting fluid into the opening through an 
orifice in the support member. 

3379. The method of claim 1, wherein a perforated tube is disposed m the opening 
proximate to the insulated conducton, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 



3380. The method of claim 1, furtl 
in the insulated conductor using an 
conductor. 



er comprising determining a temperature distribution 
electromagnetic signal provided to the insulated 
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3381. The method of claim 1 , further comprising monitoring a leal^ge current of the 
insulated conductor. 

3382. The method of claim 1 , further comprising monitoring/ihe applied electrical 
current. 

3383. The method of claim 1 , further comprising monipring a voltage applied to the 
insulated conductor. 

3384. The method of claim 1 , further comprising i/donitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3385. The method of claim 1 , further comprising electrically coupUng a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generatcysubstantially no heat. 

3386. The method of claim 1 , further comprising electrically coupling a lead-in 
conductor to the insulated conductor using a cold pin transition conductor. 

3387. The method of claim 1 , further comprising electrically coupling a lead-in 
conductor to the insulated conductor Aising a cold pin transition conductor, wherein the 
cold pin transition conductor composes a substantially low resistance insulated 
conductor. 



3388. The method of claim 1 , ftoher comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation. 

3389. The method of claim 1 , further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein the overburden casing comprises steel. 



\ 
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3390. The method of claim 1, further comprising coupling an owburden casing to the 
opening, wherein the overburden casing is disposed in an over^den of the formation, 
and wherein the overburden casing is further disposed in ceni^nt. 

3391 . The method of claim 1, further comprising coupling an overburden casing to the 
opening, wherein the overburden casing is disposed in an overburden of the formation, 
and wherein a packing material is disposed at a junctjon of the overburden casing and the 
opening. 

3392. The method of claim 1, further comprisiiig coupling an overburden casing to the 
opening, wherein the overburden casing is dism)sed in an overburden of the formation, 
and wherein the method further comprises inbiibiting a flow of fluid between the opening 
and the overburden casing with a packing material. 

3393. The method of claim 1, further co/bprising heating at least the portion of the 
formation to substantially pyrolyze at lesfst some hydrocarbons within the formation, 

3394. A system configured to heat a hydrocarbon containing formation, comprising: 
an insulated conductor disposed within an opening in the formation, wherein the 

insulated conductor is configured to Provide heat to at least a portion of the formation 
during use, wherein the insulated conductor comprises a copper-nickel alloy, and wherein 
the copper-nickel alloy comprises Approximately 7 % nickel by weight to approximately 
12 % nickel by weight; and 

wherein the system is configured to allow heat to transfer from the insulated 
conductor to a selected section of the formation during use. 



3395. The system of claim 33 
to generate heat during applicati 
during use. 



, wherein the insulated conductor is further configured 
on of an electrical current to the insulated conductor 



761 



Conley, Rose & Tayon, P C. 



t f 



3396. The system of claim 3394, further comprising a support mfember, wherein the 
support member is configured to support the insulated conductor. 

3397. The system of claim 3394, further comprising a support member and a centralizer, 
wherein the support member is configured to support the insulated conductor, and 
wherein the centralizer is configured to maintain a location of the insulated conductor on 
the support member. / 

3398. The system of claim 3394, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3399. The system of claim 3394, further comm-ising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in concmctor comprises a low resistance conductor 
configured to generate substantially no heat./ 

3400. The system of claim 3394, further/comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in/conductor comprises a rubber insulated 
conductor. 

3401. The system of claim 3394, 1 
insulated conductor, wherein the lej 

3402. The system of claim 3394, 
insulated conductor with a cold pij 

3403. The system of claim 3394t further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pan transition conductor, wherein the cold pin transition 
conductor comprises a substantially low resistance insulated conductor. 



ler comprising a lead-in conductor coupled to the 
1-in conductor comprises a copper wire. 



ther comprising a lead-in conductor coupled to the 
transition conductor. 
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3404. The system of claim 3394, wherein the copper-nickel alloy isr disposed in an 
electrically insulating material, and wherein the electrically insulafing material comprises 
a thermally conductive material. / 



3405. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
magnesium oxide. 

3406. The system of claim 3394, wherein the coppler-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium pxide comprises a thickness of at least 
approximately 1 mm. 

3407. The system of claim 3394, wherein rfie copper-nickel alloy is disposed in an 
electrically insulating material, and wherejA the electrically insulating material comprises 
aluminum oxide and magnesium oxide. 

3408. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherem the electrically insulating material comprises 
magnesium oxide, wherein the magnesium oxide comprises grain particles, and wherein 
the grain particles are configured toioccupy porous spaces within the magnesium oxide. 

3409. The system of claim 3394,/wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 



3410. The system of claim 3394, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, [wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheat i comprises stainless steel. 
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341 L The system of claim 3394, further comprising two additkmal insulated 
conductors, wherein the insulated conductor and the two addi^nal insulated conductors 
are configured in a 3 -phase Y configuration. 

3412. The system of claim 3394, further comprising arf additional insulated conductor, 
wherein the insulated conductor and the additional inflated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configured in a series electrical configuration. 

3413. The system of claim 3394, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated/conductor and the additional insulated 
conductor are configured in a parallel electrical configuration. 

3414. The system of claim 3394, wherein the insulated conductor is configured to 
generate radiant heat of approximate!^ 500 W/m to approximately 1 150 W/m during use. 

3415. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises orifices 
configured to provide fluid flow through the support member into the opening during use. 



3416. The system of claim 3394, further comprising a support member configured to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configured to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 



34 17. The system of clair i 
conductor, wherein the tub 
during use. 



3394, further comprising a tube coupled to the insulated 
is configured to provide a flow of fluid into the opening 
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34 1 8. The system of claim 3394, further comprising a tube counfed to the insulated 
conductor, wherein the tube comprises critical flow orifices coimgured to provide a 
substantially constant amount of fluid flow through the supp/rt member into the opening 
during use. 

3419. The system of claim 3394, further comprising ^l overburden casing coupled to 
the opening, wherein the overburden casing is disp^^ed in an overburden of the 
formation. 

3420. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casingas disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel 

342 1 . The system of claim 3394, furttter comprising an overburden casing coupled to 
the opening, wherein the overburden vcasing is disposed in an overburden of the 
formation, and wherein the overbmpen casing is further disposed in cement. 

3422. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a pacliying material is disposed at a junction of the overburden 
casing and the opening. 



3423. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overbiarden casing is disposed in an overburden of the 
formation, wherein a pacKing material is disposed at a junction of the overburden casing 
and the opening, and wWerein the packing material is configured to substantially inhibit a 
flow of fluid between tHe opening and the overburden casing during use. 

3424. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
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formation, wherein a packing material is disposed at a junction of the ^verburden casing 
and the opening, and wherein the packing material comprises cemen^ 

3425. The system of claim 3394, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an cwerburden of the 
formation, the system further comprising a wellhead coupled/to the overburden casing 
and a lead-in conductor coupled to the insulated conductorywherein the wellhead is 
disposed extemal to the overburden, wherem the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is co^ttigured to couple to the lead-in 
conductor. 

3426. The system of claim 3394, wherein the syst^^m is further configured to transfer 
heat such that the transferred heat can pyrolyze at/least some hydrocarbons in the selected 
section. 

3427. A system configurable to heat a hydro)6arbon containing formation, comprising: 
an insulated conductor configurable to be disposed within an opening in the 

formation, wherein the insulated conductor/is fiirther configurable to provide heat to at 
least a portion of the formation during usa wherein the insulated conductor comprises a 
copper-nickel alloy, and wherein the copper-nickel alloy comprises approximately 7 % 
nickel by weight to approximately 12 %r nickel by weight; 

wherein the system is configurable to allow heat to transfer fi-om the insulated 
conductor to a selected section of the formation during use. 



3428. The system of clahn 3427, viierein the insulated conductor is fijrther configurable 
to generate heat during application pf an electrical current to the insulated conductor 
during use. 



3429. The system of claim 3427, 
support member is configurable tc 



further comprising a support member, wherein the 
support the insulated conductor. 
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3430. The system of claim 3427, further comprising a support m^ber and a centralizer, 
wherein the support member is configurable to support the insulted conductor, and 
wherein the centralizer is configurable to maintain a location^f the insulated conductor 
on the support member. 

3431 . The system of claim 3427, wherein the openin^comprises a diameter of at least 
approximately 5 cm. 

3432. The system of claim 3427, further compry^ing a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a low resistance conductor 
configurable to generate substantially no heat./ 

3433. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in cpnductor comprises a rubber insulated 
conductor. 

3434. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor, wherein the lead-in conductor comprises a copper wire. 

3435. The system of claim 3427, further comprising a lead-in conductor coupled to the 
insulated conductor with a cold pin transition conductor. 

3436. The system of claim 34^, further comprising a lead-in conductor coupled to the 
insulated conductor with a col(^pin transition conductor, wherein the cold pin transition 
conductor comprises a substamially low resistance insulated conductor. 



3437. The system of claim 
electrically insulating materikl 
a thermally conductive material 



427, wherein the copper-nickel alloy is disposed in an 
, and wherein the electrically insulating material comprises 
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3438. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulafting material comprises 
magnesium oxide. / 

3439. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. / 

3440. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein the electrically insulating material comprises 
aluminum oxide and magnesium oxide. / 

3441. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, wherein the magnesium/oxide comprises grain particles, and wherein 
the grain particles are configurable to occupy porous spaces within the magnesium oxide. 

3442. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises a corrosion-resistant material. 

3443. The system of claim 3427, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material is disposed in 
a sheath, and wherein the sheath comprises stainless steel. 

3444. The system of claim 3427, further comprising two additional insulated 
conductors, wherein the insulated conductor and the two additional insulated conductors 
are configurable in a 3 -phase Y configuration. 
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3445. The system of claim 3427, further comprising an additional inflated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the ac^itional insulated 
conductor are configurable in a series electrical configuration. 

3446. The system of claim 3427, further comprising an additional insulated conductor, 
wherein the insulated conductor and the additional insulated conductor are coupled to a 
support member, and wherein the insulated conductor and the additional insulated 
conductor are configurable in a parallel electrical configuration. 

3447. The system of claim 3427, wherein the insulated conductor is configurable to 
generate radiant heat of approximately 500 W/nyto approximately 1 150 W/m during use. 

3448. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the/support member comprises orifices 
configurable to provide fluid flow through ^e support member into the open wellbore 
during use. 

3449. The system of claim 3427, further comprising a support member configurable to 
support the insulated conductor, wherein the support member comprises critical flow 
orifices configurable to provide a substantially constant amount of fluid flow through the 
support member into the opening during use. 

3450. The system of claim 3427, further comprising a tube coupled to the insulated 
conductor, wherein the tube is coipgurable to provide a flow of fluid into the opening 
during use. 



345 1 . The system of claim 34^, further comprising a tube coupled to the insulated 
conductor, wherein the tube comprises critical flow orifices configurable to provide a 
substantially constant amount c f fluid flow through the support member into the opening 
during use. 
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3452. The system of claim 3427, further comprising an overburden ciksing coupled to 
the opening, wherein the overburden casing is disposed in an overljarden of the 
formation. 

3453. The system of claim 3427, further comprising an ov^urden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation, and wherein the overburden casing comprise/ steel. 

3454. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3455. The system of claim 3427, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material fs disposed at a junction of the overburden 
casing and the opening. 

3456. The system of claim 3427, furtl^r comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing materia/l is disposed at a junction of the overburden casing 
and the opening, and wherein the parking material is configurable to substantially inhibit 
a flow of fluid between the opening and the overburden casing during use. 



3457. The system of claim 3427/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3458. The system of claim 
the opening, wherein the 



34217, further comprising an overburden casing coupled to 
overbilrden casing is disposed in an overburden of the 
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formation, the system further comprising a wellhead coupled to th^overburden casmg 
and a lead-in conductor coupled to the insulated conductor, whenein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the one sealing flange is configurable to couple to the lead-in 
conductor. / 

3459. The system of claim 3427, wherein the system is further configured to transfer 
heat such that the transferred heat can pyrolyze at lea/t some hydrocarbons in the selected 
section. / 

3460. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to an insiuated conductor to provide heat to at least 

a portion of the formation, wherein the insulated conductor is disposed within an opening 
in the formation, and wherein the insulated conductor comprises a copper-nickel alloy of 
approximately 7 % nickel by weight to approximately 12 % nickel by weight; and 

allowing the heat to transfer from me insulated conductor to a selected section of 
the formation. / 

3461. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member. / 

3462. The method of claim 3460, mrther comprising supporting the insulated conductor 
on a support member and maintaimng a location of the first insulated conductor on the 
support member with a centralizes 

3463. The method of claim 3460, wherein the insulated conductor is coupled to two 
additional insulated conductor^ wherein the insulated conductor and the two insulated 
conductors are disposed within the opening, and wherein the three insulated conductors 
are electrically coupled in a 3-fphase Y configuration. 
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3464. The method of claim 3460, wherein an additional insulated condi 
within the opening. / 



;tor is disposed 



3465. The method of claim 3460, wherein an additional insulated Conductor is disposed 
within the opening, and wherein the insulated conductor and the Additional insulated 
conductor are electrically coupled in a series configuration. 

3466. The method of claim 3460, wherein an additional insulated conductor is disposed 
within the opening, and wherein the insulated conductor and the additional insulated 
conductor are electrically coupled in a parallel configuration. 

3467. The method of claim 3460, wherein the provijled heat comprises approximately 
500 W/m to approximately 1 150 W/m. 

3468. The method of claim 3460, wherein the capper-nickel alloy is disposed in an 
electrically insulating material. 

3469. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, and wherein jflie electrically insulating material comprises 
magnesium oxide. 



3470, The method of claim 3460, whereiA the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the electrically insulating material comprises 
magnesium oxide, and wherein the magnesium oxide comprises a thickness of at least 
approximately 1 mm. 



347 1 . The method of claim 3460, 
electrically insulating material, and 
aluminum oxide and magnesium oxidfe 



wherein the copper-nickel alloy is disposed in an 
wHerein the electrically insulating material comprises 
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3472. The method of claim 3460, wherein the copper-nickel alloy is/disposed in an 
electrically insulating material, wherein the electrically insulating raaterial comprises 
magnesium oxide, wherein the magnesium oxide comprises grairi/particles, and wherein 
the grain particles are configured to occupy porous spaces withm the magnesium oxide. 

3473. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating mat(5rial is disposed in a sheath, 
and wherein the sheath comprises a corrosion-resistant raaterial. 

3474. The method of claim 3460, wherein the copper-nickel alloy is disposed in an 
electrically insulating material, wherein the insulating material is disposed in a sheath, 
and wherein the sheath comprises stainless steel. / 

3475. The method of claim 3460, further con^rising supporting the insulated conductor 
on a support member and flowing a fluid intoAhe opening through an orifice in the 
support member. / 

3476. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a substantially constant amount of fluid into the 
opening through critical flow orifices in the support member. 

3477. The method of claim 3460, Wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a fluid into 
the opening through the perforated tube. 

3478. The method of claim 3460, wherein a tube is disposed in the opening proximate to 
the insulated conductor, the memod further comprising flowing a substantially constant 
amount a fluid into the opening through critical flow orifices in the tube. 
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3479. The method of claim 3460, further comprising supporting the insulated conductor 
on a support member and flowing a corrosion inhibiting fluid into the o{jening through an 
orifice in the support member. 

3480. The method of claim 3460, wherein a perforated tube is disposed in the opening 
proximate to the insulated conductor, the method further comprising flowing a corrosion 
inhibiting fluid into the opening through the perforated tube. 

348 1 . The method of claim 3460, further comprising determining a temperature 
distribution in the insulated conductor using an electron/agnetic signal provided to the 
insulated conductor. 

3482. The method of claim 3460, further comprispg monitoring a leakage current of the 
insulated conductor. 

3483. The method of claim 3460, further con:j|)rising monitoring the applied electrical 
current. 

3484. The method of claim 3460, further jcomprising monitoring a voltage applied to the 
insulated conductor. 

3485. The method of claim 3460, furtner comprising monitoring a temperature in the 
insulated conductor with at least one thermocouple. 

3486. The method of claim 3460, firrther comprising electrically coupling a lead-in 
conductor to the insulated conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 



3487. The method of claim 3460^ 
conductor to the insulated conductor 



further comprising electrically coupling a lead-in 
using a cold pin transition conductor. 



/ 
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3488. The method of claim 3460, further comprising electrically Coupling a lead-in 
conductor to the insulated conductor using a cold pin transition oonductor, wherein the 
cold pin transition conductor comprises a substantially low resistance insulated 
conductor. / 

3489. The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposea in an overburden of the 
formation. / 

3490* The method of claim 3460, further compri/ing coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3491 . The method of claim 3460, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3492. The method of claim 3460, furttter comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing mafterial is disposed at a junction of the overburden 
casing and the opening. / 

3493. The method of claim 3460; further comprising coupling an overburden casing to 
the opening, wherein the overbWden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3494. The method of claim B460, further comprising heating at least the portion of the 
formation to substantially pwolyze at least some hydrocarbons within the formation. 

3495. A system configurec to heat a hydrocarbon containing formation, comprising: 
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at least three insulated conductors disposed within an opening in tm formation, 
wherein at least the three insulated conductors are electrically coupled ma 3-phase Y 
configuration, and wherein at least the three insulated conductors are/onfigured to 
provide heat to at least a portion of the formation during use; and / 

wherein the system is configured to allow heat to transfemrom at least the three 
insulated conductors to a selected section of the formation during use. 

3496. The system of claim 3495, wherein at least the thre^ insulated conductors are 
further configured to generate heat during application of an electrical current to at least 
the three insulated conductors during use. / 

3497. The system of claim 3495, further comprising a support member, wherein the 
support member is configured to support at least thfe three insulated conductors. 

3498. The system of claim 3495, further comorising a support member and a centralizer, 
wherein the support member is configured to ^pport at least the three insulated 
conductors, and wherein the centralizer is configured to maintain a location of at least the 
three insulated conductors on the support niiember. 

3499. The system of claim 3495, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3500. The system of claim 3495, furmer comprising at least one lead-in conductor 
coupled to at least the three insulated/conductors, wherein at least the one lead-in 
conductor comprises a low resistance conductor configured to generate substantially no 
heat. / 

3501 . The system of claim 3495,/further comprising at least one lead-in conductor 
coupled to at least the three insulted conductors, wherein at least the one lead-in 
conductor comprises a rubber insulated conductor. 
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3502. The system of claim 3495, further comprising at least one lejad-in conductor 
coupled to at least the three insulated conductors, wherein at leasj/ihe one lead-in 
conductor comprises a copper wire. 

3503. The system of claim 3495, further comprising at lea^ one lead-in conductor 
coupled to at least the three insulated conductors with a co/ld pin transition conductor. 

3504. The system of claim 3495, further comprising srt least one lead-in conductor 
coupled to at least the three insulated conductors witM a cold pin transition conductor, 
wherein the cold pin transition conductor comprise/ a substantially low resistance 
insulated conductor. 

3505. The system of claim 3495, wherein at Ij^ast the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath. 

3506. The system of claim 3495, whereiA at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel aUoy. 

3507. The system of claim 3495, wnerein at least the three insulated conductors 
comprise a conductor disposed in aiy electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 



3508. The system of claim 3495/ wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nJckel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



\ 
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3509. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material,/and wherein the 
electrically insulating material comprises a thermally conductive material. 

3510. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxidp. 

3511. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least approximately 1 mm. 

3512. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 

3513. The system of claim 3495, wherein the insulated conductor comprises a conductor 
disposed in an electrically insulating maternal, wherein the electrically insulating material 
comprises magnesium oxide, wherein the/magnesium oxide comprises grain particles, 
and wherein the grain particles are configured to occupy porous spaces within the 
magnesium oxide. / 

3514. The system of claim 3495, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. 

3515. The system of claim 3495, 
comprise a conductor disposed in ; 



[^herein at least the three insulated conductors 
L electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
stainless steel. / 

3516. The system of claim 3495, wherein at least the three insulated conductors are 
configured to generate radiant heat of approximately 500^W/m to approximately 1 150 
W/m of at least the three insulated conductors during use. 

3517. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, whferein the support member comprises 
orifices configured to provide fluid flow througly the support member into the opening 
during use. / 

3518. The system of claim 3495, further comprising a support member configured to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orifices configured to provide a substantially constant amount of fluid flow 
through the support member into the opening during use, 

3519. The system of claim 3495, fiirtMer comprising a tube coupled to at least the three 
insulated conductors, wherein the tubp is configured to provide a flow of fluid into the 
opening during use. 

3520. The system of claim 3495, 
insulated conductors, wherein the/ 
provide a substantially constant ^ 
the opening during use. 

3521. The system of claim 3^ 
the opening, wherein the overl 
formation. 

\ 



ther comprising a tube coupled to at least the three 
ibe comprises critical flow orifices configured to 
lount of fluid flow through the support member into 



5, further comprising an overburden casing coupled to 
•urden casing is disposed in an overburden of the 
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3522. The system of claim 3495, fiirther comprising an overburden casifng coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3523. The system of claim 3495, further comprising an overbyrden casing coupled to 
the opening, wherein the overburden casing is disposed in an/overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3524. The system of claim 3495, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is dispo/ed at a junction of the overburden 
casing and the opening. 

3525. The system of claim 3495, further comf)rising an overburden casing coupled to 
the opening, wherein the overburden casing /s disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packinmnaterial is configured to substantially inhibit a 
flow of fluid between the opening and tl/e overburden casing during use. 

3526. The system of claim 3495, furtSier comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overburden of the 
formation, wherein a packing mater/al is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 



3527. The system of claim 3495/ further comprising an overburden casing coupled to 
the opening, wherein the overbumen casing is disposed in an overburden of the 
formation, the system further comprising a wellhead coupled to the overburden casing 
and a lead-in conductor coupled to the insulated conductor, wherein the wellhead is 
disposed external to the overburden, wherein the wellhead comprises at least one sealing 
flange, and wherein at least the Dne sealing flange is configured to couple to the lead-in 
conductor. 
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3528. The system of claim 3495, wherein the system is fiirth^ configured to transfer 
heat such that the transferred heat can pyrolyze at least someyTiydrocarbons in the selected 
section. / 

3529. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least three insulated conductors configurable to be disposed within an opening 

in the formation, wherein at least the three insulated conductors are electrically coupled 
in a 3 -phase Y configuration, and wherein at leasl/the three insulated conductors are 
further configurable to provide heat to at least a/portion of the formation during use; and 
wherein the system is configurable to plow heat to transfer fi-om at least the three 
insulated conductors to a selected section omie formation during use. 

3530. The system of claim 3529, wherein at least the three insulated conductors are 
fiirther configurable to generate heat during application of an electrical current to at least 
the three insulated conductors during use. 

353 1 . The system of claim 3529, further comprising a support member, wherein the 
support member is configurable to support at least the three insulated conductors. 

3532. The system of claim 3529, fiirther comprising a support member and a centralizer, 
wherein the support member is configurable to support at least the three insulated 
conductors, and wherein theycentralizer is configurable to maintain a location of at least 
the three insulated conductors on the support member. 

3533. The system of clajfm 3529, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

3534. The system of 
coupled to at least the 



jlaim 3529, fiirther comprising at least one lead-in conductor 
ree insulated conductors, wherein at least the one lead-in 
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conductor comprises a low resistance conductor configurable to generate substantially no 
heat. / 

3535. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors, wherein^t least the one lead-in 
conductor comprises a rubber insulated conductor. / 

3536. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors,yWherein at least the one lead-in 
conductor comprises a copper wire. / 

3537. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated condufctors with a cold pin transition conductor. 

3538. The system of claim 3529, further comprising at least one lead-in conductor 
coupled to at least the three insulated conductors with a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. / 

3539. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in/an electrically insulating material, and wherein the 
electrically insulating material isf disposed in a sheath. 

3540. The system of claim 35^9, wherein at least the three insulated conductors 
comprise a conductor disposer in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 

3541 . The system of claim p529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 
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3542. The system of claim 3529, wherein at least the tltree insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and whe/ein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 



10 



15 



3543. The system of claim 3529, wherein at le4st the three insulated conductors 
comprise a conductor disposed in an electricany insulating material, and wherein the 
electrically insulating material comprises a thermally conductive material. 

3544. The system of claim 3529, wherem at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 

3545. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in ail electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at Aeast approximately 1 mm. 



20 3546. The system of claim 3529, wherein at least the three insulated conductors 
M comprise a conductor disposea in an electrically insulating material, and wherein the 

electrically insulating material comprises aluminum oxide and magnesium oxide. 



3547. The system of claimB529, wherein the insulated conductor comprises a conductor 
25 disposed in an electrically insulating material, wherein the electrically insulating material 
comprises magnesium oxide, wherein the magnesium oxide comprises grain particles, 
and wherein the grain part/cles are configurable to occupy porous spaces within the 
magnesium oxide. 

30 3548. The system of claim 3529, wherein at least the three insulated conductors 

comprise a conductor disposed in an electrically insulating material, and wherein the 
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electrically insulating material is disposed in a sheath, and wherein the sheath comprises 
a corrosion-resistant material. / 

3549. The system of claim 3529, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating rnaterial, and wherein the 
electrically insulating material is disposed in a sheath, and ^herein the sheath comprises 
stainless steel. / 

3550. The system of claim 3529, wherein at least xm three insulated conductors are 
configurable to generate radiant heat of approximatdy 500 W/m to approximately 1 150 
W/m during use. / 

3551. The system of claim 3529, further comt/rising a support member configurable to 
support at least the three insulated conductors/ wherein the support member comprises 
orifices configurable to provide fluid flow through the support member into the opening 
during use. / 

3552. The system of claim 3529, further comprising a support member configurable to 
support at least the three insulated conductors, wherein the support member comprises 
critical flow orifices configurable to pnovide a substantially constant amount of fluid flow 
through the support member into the (Opening during use. 

3553. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube is configurable to provide a flow of fluid into the 
opening during use. 

3554. The system of claim 3529, further comprising a tube coupled to at least the three 
insulated conductors, wherein the tube comprises critical flow orifices configurable to 
provide a substantially constant amount of fluid flow through the support member into 
the opening during use. 
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3555. The system of claim 3529, further comprising an overburden/casing coupled to 
the opening, wherein the overburden casing is disposed in an over^irden of the 
formation. 

3556. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises/steel. 

3557. The system of claim 3529, further comprisins/an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is mrther disposed in cement. 

3558. The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is/disposed in an overburden of the 
formation, and wherein a packing material indisposed at a junction of the overburden 
casing and the opening. 

3559. The system of claim 3529, further comprisirig an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material/is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is configurable to substantially inhibit 
a flow of fluid between the opening/and the overburden casing during use. 

3560. The system of claim 3529/further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing niaterial is disposed at a jimction of the overburden casing 
and the opening, and wherein tne packing material comprises cement. 



3561 . The system of claim 3529, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, the system furthei' comprising a wellhead coupled to the overburden casing 
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and a lead-in conductor coupled to the insulated conductor, wherein the Wellhead is 
disposed external to the overburden, wherein the wellhead comprises at/east one sealing 
flange, and wherein at least the one sealing flange is configurable to c/uple to the lead-in 
conductor. 

3562. The system of claim 3529, wherein the system is furthe/corifigured to transfer 
heat such that the transferred heat can pyrolyze at least some^ydrocarbons in the selected 
section. 

3563. An in situ method for heating a hydrocarbon cocftaining formation, comprising: 
applying an electrical current to at least three insulated conductors to provide heat 

to at least a portion of the formation, wherein at leas/ the three insulated conductors are 
disposed within an opening in the formation; and 

allowing the heat to transfer from at least j^ie three insulated conductors to a 
selected section of the formation. 

3564. The method of claim 3563, further coi^prising supporting at least the three 
insulated conductors on a support member. 

3565. The method of claim 3563, fiirthen comprising supporting at least the three 
insulated conductors on a support membp and maintaining a location of at least the three 
insulated conductors on the support member with a centralizer. 

3566. The method of claim 3563, wl]|brein the provided heat comprises approximately 
500 W/m to approximately 1 150 W/ii 

3567. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
conductor comprises a copper-nickel alloy. 
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3568. The method of claim 3563, wherein at least the three insuMed conductors 
comprise a conductor disposed in an electrically insulating matenal, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 7 % nickel by weight to approximately 12 % nickel by weight. 

3569. The method of claim 3563, wherein at least the Ipee insulated conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
conductor comprises a copper-nickel alloy, and wherein the copper-nickel alloy 
comprises approximately 2 % nickel by weight to approximately 6 % nickel by weight. 

3570. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises magnesium oxide. 



«3= 
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3571 . The method of claim 3563, wherem at least the three insulated conductors 
comprise a conductor disposed in an eleOTrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, and wherein the magnesium 
oxide comprises a thickness of at least/ approximately 1 mm. 

3572. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposed in an electrically insulating material, and wherein the 
electrically insulating material comprises aluminum oxide and magnesium oxide. 



25 
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3573. The method of claim 3563, wherein at least the three insulated conductors 
comprise a conductor disposea in an electrically insulating material, wherein the 
electrically insulating material comprises magnesium oxide, wherein the magnesium 
oxide comprises grain particLes, and wherein the grain particles are configured to occupy 
porous spaces within the magnesium oxide. 



3574. The method of claim 



3563, wherein at least the three insulated conductors 



comprise a conductor disposed in an electrically insulating material, wherein the 
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insulating material is disposed in a sheath, and wherein the sheath comRnses a corrosion- 
resistant material. / 

3575. The method of claim 3563, wherein at least the three insumted conductors 
comprise a conductor disposed in an electrically insulating material, wherein the 
insulating material is disposed in a sheath, and wherein the sKeath comprises stainless 
steel. / 

3576. The method of claim 3563, further comprising/supporting at least the three 
insulated conductors on a support member and flowpg a fluid into the opening through 
an orifice in the support member. / 

3577. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a support member and flowing a substantially constant amount of 
fluid into the opening through critical flow firifices in the support member. 

3578. The method of claim 3563, wherein a perforated tube is disposed in the opening 
proximate to at least the three insulatecy conductors, the method further comprising 
flowing a fluid into the opening throiigh the perforated tube. 

3579. The method of claim 3563, Avherein a tube is disposed in the opening proximate to 
at least the three insulated conductors, the method further comprising flowing a 
substantially constant amoxmt a fluid into the opening through critical flow orifices in the 
tube. / 

3580. The method of claim 3563, further comprising supporting at least the three 
insulated conductors on a suriport member and flowing a corrosion inhibiting fluid into 
the opening through an orifice in the support member. 
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3581. The method of claim 3563, wherein a perforated tube i/disposed m the opening 
proximate to at least the three insulated conductors, the metf^d further comprising 
flowing a corrosion inhibiting fluid into the opening through the perforated tube. 

3582. The method of claim 3563, further comprising/aetermining a temperature 
distribution in at least the three insulated conductor/using an electromagnetic signal 
provided to the insulated conductor. 

3583. The method of claim 3563, further con/prising monitoring a leakage current of at 
least the three insulated conductors. 

3584. The method of claim 3563, furthe/ comprising monitoring the applied electrical 
current. 

3585. The method of claim 3563, fisher comprising monitoring a voltage applied to at 
least the three insulated conductorsy 

3586. The method of claim 356i, further comprising monitoring a temperature in at 
least the three insulated conductors with at least one thermocouple. 

3587. The method of claim 3563, further comprising electrically coupling a lead-in 
conductor to at least the threjfe insulated conductors, wherein the lead-in conductor 
comprises a low resistance Conductor configured to generate substantially no heat. 

3588. The method of claim 3563, further comprising electrically couplmg a lead-in 
conductor to at least the mree insulated conductors using a cold pin transition conductor. 



3589. The method of 
conductor to at least th 



laim 3563, further comprising electrically coupling a lead-in 



three insulated conductors using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. ^ 
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3590. The method of claim 3563, further comprising coupling an overinirden casing to 
the opening, wherein the overburden casing is disposed in an overbu^en of the 
formation. 

3591 . The method of claim 3563, further comprising couplmg an overburden casing to 
the opening, wherein the overburden casing is disposed in^ overburden of the 
formation, and wherein the overburden casing comprise/ steel. 

3592. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is/further disposed in cement. 

3593. The method of claim 3563, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing materials disposed at a junction of the overburden 
casing and the opening. 

3594. The method of claim 3563, fuWier comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden oiasing with a packing material. 

3595. The method of claim 3363, further comprising heating at least the portion of the 
formation to substantially pyrplyze at least some of the hydrocarbons within the 
formation. 



3596. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a first conduit, wherein the first conduit is disposed 
within an opening in the formation, and wherein the first conductor is configured to 
provide heat to at least a j ortion of the formation during use; and 



790 



Conley, Rose & Tayon, P.C. 



wherein the system is configured to allow heat to transfer from thfe first conductor 
to a section of the formation during use. / 

3597. The system of claim 3596, wherein the first conductor is fttrther configured to 
generate heat during application of an electrical current to the fi/st conductor. 

3598. The system of claim 3596, wherein the first conducjfor comprises a pipe. 

3599. The system of claim 3596, wherein the first conductor comprises stainless steel. 

3600. The system of claim 3596, wherein the firsVconduit comprises stainless steel. 

3601 . The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor within the first conduit. 

3602. The system of claim 3596, further Comprising a centralizer configured to maintain 
a location of the first conductor within thq first conduit, wherein the centralizer comprises 
ceramic material. / 

3603. The system of claim 3596, further comprising a centralizer configured to maintain 
a location of the first conductor witnin the first conduit, wherein the centralizer comprises 
ceramic material and stainless stee/. 

3604. The system of claim 3596, wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3605. The system of claim 3596, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in conductor comprises a low resistance conductor 
configured to generate substantially no heat. 
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3606. The system of claim 3596, further comprising a lead-in conducto/coupled to the 
first conductor, wherein the lead-in conductor comprises copper. 

3607. The system of claim 3596, further comprising a sliding el9ctrical connector 
coupled to the first conductor. 

3608. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the sliding electrijzal connector is further coupled 
to the first conduit. 

3609. The system of claim 3596, further comprising a sliding electrical connector 
coupled to the first conductor, wherein the slidina/electrical connector is further coupled 
to the first conduit, and wherein the sliding elect/rical connector is configured to complete 
an electrical circuit with the first conductor ana the first conduit. 

3610. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one sliding electrical connector is 
configured to generate less heat than th^ first conductor or the second conductor during 
use. 

3611. The system of claim 3596, Wherein the first conduit comprises a first section and 
a second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less man heat radiated fi-om the first conductor to the section 
along the second section of the conduit. 



3612. The system of claim 359[6, fiirther comprising a fluid disposed within the first 



conduit, wherein the fluid is co 



substantially inhibit deformatio i of the first conduit during use. 



figured to maintain a pressure within the first conduit to 
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3613. The system of claim 3596, further comprising a thermally conductj^^e fluid 
disposed within the first conduit. 

3614. The system of claim 3596, further comprising a thermally c<(nductive fluid 
disposed within the fnst conduit, wherein the thermally conduct^e fluid comprises 
helium. 



10 



3615. The system of claim 3596, further comprising a fluid disposed within the first 
conduit, wherein the fluid is configured to substantially jnhibit arcing between the first 
conductor and the first conduit during use. 
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3616. The system of claim 3596, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configured to remove vapor produced 
fi-om at least the heated portion of the formatioiy such that a pressure balance is 
maintained between the first conduit and the opening to substantially inhibit deformation 
of the first conduit during use. 

3617. The system of claim 3596, whereirf the first conductor is further configured to 
generate radiant heat of approximately 6p0 W/m to approximately 1650 W/m during use. 

3618. The system of claim 3596, further comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first condudtor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configured to 
operate in a 3 -phase Y configuration during use. 



30 



3619. The system of claim 3596, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit. 
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3620. The system of claim 3596, further comprising a second conduotor disposed within 
the first conduit, wherein the second conductor is electrically coupl^ to the first 
conductor to form an electrical circuit with a connector. 

362 1 . The system of claim 3596, fiirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed i^an overburden of the 
formation. 

3622. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
fomiation, and wherein the overburden casing comprises steel. 

3623. The system of claim 3596, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing /s disposed in an overburden of the 
formation, and wherein the overburden casing is fiirther disposed in cement. 

3624. The system of claim 3596, fiirther comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing mat^al is disposed at a junction of the overburden 
casing and the opening. 



3625. The system of claim 3596, fiither comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 



and the opening, and wherein the p; 



icking material is fiirther configured to substantially 



inhibit a flow of fluid between the opening and the overburden casing during use. 



3626. The system of claim 3596, further comprising an overburden casing coupled to 



the opening and a substantially low 
casing, wherein the substantially lo 
first conductor. 



resistance conductor disposed within the overburden 
resistance conductor is electrically coupled to the 
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3627. The system of claim 3596, further comprising an oWrburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein tfie substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein the substantially low re^stance conductor comprises carbon 
steel. 

3628. The system of claim 3596, further comf)rising an overburden casing coupled to 
the opening and a substantially low resistancfe conductor disposed within the overburden 
casing and a centralizer configured to supplort the substantially low resistance conductor 
within the overburden casing. 

3629. The system of claim 3596, w^rein the heated section of the formation is 
substantially pyrolyzed. 

3630. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configwable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed within an opening in the formation, and wherein 
the first conductor is further configurable to provide heat to at least a portion of the 
formation during use; and 

wherein the system ife configurable to allow heat to transfer from the fu*st 
conductor to a section of thk formation during use. 



363 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3632. The system of cliim 3630, wherein the first conductor comprises a pipe. 

3633. The system of cl aim 3630, wherein the first conductor comprises stainless steel. 



3634. The system of claim 3630, wherein the first conduit comprises stainless steel. 
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3635. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within the first condiTit. 

3636. The system of claim 3630, further comprising a cefitralizer configurable to 
maintain a location of the first conductor within the firsy conduit, wherein the centralizer 
comprises ceramic material. 

3637. The system of claim 3630, further comprising a centralizer configurable to 
maintain a location of the first conductor within pe furst conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 

3638. The system of claim 3630, wherein tpe opening comprises a diameter of at least 
approximately 5 cm. 

3639. The system of claim 3630, furth^ comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-in cormuctor comprises a low resistance conductor 
configurable to generate substantially no heat. 

3640. The system of claim 3630, further comprising a lead-in conductor coupled to the 
first conductor, wherein the lead-iry conductor comprises copper. 

3641. The system of claim 3630/ further comprising a sliding electrical connector 
coupled to the first conductor. 

3642. The system of claim 36^0, further comprising a sliding electrical connector 
coupled to the first conductor, /wherein the sliding electrical connector is further coupled 
to the first conduit. 



3643. The system of claim : 
coupled to the first conducto: 



630, further comprising a sliding electrical connector 

, wherein the sliding electrical connector is further coupled 
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to the first conduit, and wherein the sliding electrical connector is/configurable to 
complete an electrical circuit with the first conductor and the msi conduit. 

3644. The system of claim 3630, fiirther comprising a seccmd conductor disposed within 
the first conduit and at least one sliding electrical connector coupled to the first conductor 
and the second conductor, wherein at least the one slidirig electrical connector is 
configurable to generate less heat than the first conductor or the second conductor during 
use. / 

3645. The system of claim 3630, wherein the fi/st conduit comprises a first section and 
a second section, wherein a thickness of the firsrt section is greater than a thickness of the 
second section such that heat radiated fi-om the first conductor to the section along the 
first section of the conduit is less than heat radiated from the first conductor to the section 
along the second section of the conduit. / 

3646. The system of claim 3630, ftirther comprising a fluid disposed within the first 
conduit, wherein the fluid is configurajzde to maintain a pressure within the first conduit 
to substantially inhibit deformation of the first conduit during use. 

3647. The system of claim 3630, further comprising a thermally conductive fluid 
disposed within the first conduit. / 

3648. The system of claim 363A), fiirther comprising a thermally conductive fluid 
disposed within the first conduft, wherein the thermally conductive fluid comprises 
helium. / 

3649. The system of claim 3630, further comprising a fluid disposed within the first 
conduit, wherein the fluid is/configurable to substantially inhibit arcing between the first 
conductor and the first concmit during use. 
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3650. The system of claim 3630, further comprising a tube disposed within the opening 
external to the first conduit, wherein the tube is configurable/io remove vapor produced 
fi-om at least the heated portion of the formation such that a pressure balance is 
maintained between the first conduit and the opening tO/Substantially inhibit deformation 
of the first conduit during use. 

365 1 . The system of claim 3630, wherein the first conductor is further configurable to 
generate radiant heat of approximately 650 W/m to approximately 1650 W/m during use. 

3652. The system of claim 3630, fiirther comprising a second conductor disposed within 
a second conduit and a third conductor disposed within a third conduit, wherein first 
conduit, the second conduit and the third conduit are disposed in different openings of the 
formation, wherein the first conductor is electrically coupled to the second conductor and 
the third conductor, and wherein the first, second, and third conductors are configurable 
to operate in a 3 -phase Y configuration during use. 

3653. The system of claim 3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electricaV circuit. 

3654. The system of claimy3630, further comprising a second conductor disposed within 
the first conduit, wherein the second conductor is electrically coupled to the first 
conductor to form an electrical circuit with a connector. 

3655. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 



3656. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and whdrein the overburden casing comprises steel. 



V 
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3657. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
fomiation, and wherein the overburden casing is further disposed in cement. 



3658. The system of claim 3630, further comprising an o/verburden casing coupled to 
the opening, wherein the overburden casing is disposedrin an overburden of the 
formation, and wherein a packing material is dispos^ at a junction of the overburden 
casing and the opening. 

3659. The system of claim 3630, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing i/ disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is ftirther configurable to substantially 
inhibit a flow of fluid between the openirfg and the overburden casing during use. 

3660. The system of claim 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially lop resistance conductor is electrically coupled to the 
first conductor. 

3661 . The system of claim 36 jO, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to the 
first conductor, and wherein/the substantially low resistance conductor comprises carbon 
steel. 



3662. The system of claijfn 3630, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 



casing and a centralizer 



within the overburden casing. 



bnfigurable to support the substantially low resistance conductor 
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3663. The system of claim 3630, wherein the heated section o/ the fomiation is 
substantially pyrolyzed. 

3664. An in situ method for heating a hydrocarbon comaining formation, comprising: 
applying an electrical current to a first conductor to provide heat to at least a 

portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within an opesning in the formation; and 

allowing the heat to transfer fi-om the first conductor to a section of the formation. 

3665. The method of claim 3664, wherein me first conductor, comprises a pipe. 

3666. The method of claim 3664, wherein the first conductor comprises stainless steel. 

3667. The method of claim 3664, wherein the first conduit comprises stainless steel. 

3668. The method of claim 3664,yiiirther comprising maintaining a location of the first 
conductor in the first conduit with a centralizer. 

3669. The method of claim 3664, fiirther comprising maintaining a location of the first 
conductor in the first conduit ffxHh a centralizer, wherein the centralizer comprises 
ceramic material. 

3670. The method of clair^l 3664, fiirther comprising maintaining a location of the first 
conductor in the first conduit with a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 

3671 . The method of claim 3664, fiirther comprising coupling a sliding electrical 
connector to the first conductor. 
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3672. The method of claim 3664, further comprising electrically codpling a sliding 
electrical connector to the first conductor and the first conduit, wherein the first conduit 
comprises an electrical lead configured to complete an electric^ circuit with the first 
conductor. 

3673 . The method of claim 3664, further comprising cotipling a sliding electrical 
connector to the first conductor and the first conduit, v^erein the first conduit comprises 
an electrical lead configured to complete an electrical/circuit with the first conductor, and 
wherein the generated heat comprises approximately 20 percent generated by the first 
conduit. 

3674. The method of claim 3664, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3675. The method of claim 3664, further comprising determining a temperature 
distribution in the first conduit using an electromagnetic signal provided to the conduit. 

3676. The method of claim 3664, furtl/er comprising monitoring the applied electrical 
current. 

3677. The method of claim 3664, i^&rther comprising monitoring a voltage applied to the 
first conductor. 

3678. The method of claim 3664, further comprising monitoring a temperature in the 
conduit with at least one thermocouple. 



3679. The method of claim 3664, fiirther comprising coupling an overburden casing to 
the opening, wherein the overpurden casing is disposed in an overburden of the 
formation. 
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3680. The method of claim 3664, further comprising coupling/&n overburden casing to 
the opening, wherein the overburden casing is disposed in an/overburden of the 
formation, and wherein the overburden casing comprises st6el. 

3681 . The method of claim 3664, further comprismg /oupling an overburden casing to 
the opening, wherein the overburden casing is dispoj^d in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3682. The method of claim 3664, further con^rising coupling an overburden casing to 
the opening, wherein the overburden casing indisposed in an overburden of the 
formation, and wherein a packing material js disposed at a junction of the overburden 
casing and the opening. 

3683. The method of claim 3664, furtlfer comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 

3684. The method of claim 3664, fiirther comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and whereip the substantially low resistance conductor is electrically 
coupled to the first conductor^ 

3685. The method of claim 3664, further comprising coupling an overburden casing to 
the opening, wherein a sul^tantially low resistance conductor is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the substantially low resistance conductor 
comprises carbon steel, i 



3686. The method of Haim 3664, further comprising coupling an overburden casing to 



the opening, wherein 2 



substantially low resistance conductor is disposed within the 
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overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to the first conductor, and wherein the method further comprises maintaining a 
location of the substantially low resistance conductor in the oveyourden casing with a 
centralizer support. 

3687. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3688. The method of claim 3664, further comprising electrically coupling a lead-in 
conductor to the first conductor, wherein the lead-/n conductor comprises copper. 

3689. The method of claim 3664, further comprising maintaining a sufficient pressure 
between the first conduit and the formation to/substantially inhibit deformation of the 
first conduit. 

3690. The method of claim 3664, furthe/ comprising providing a thermally conductive 
fluid within the first conduit. 

3691 . The method of claim 3664, further comprising providing a thermally conductive 
fluid within the first conduit, wherein the thermally conductive fluid comprises helium. 

3692. The method of claim 3664/ further comprising inhibiting arcmg between the first 
conductor and the first conduit vwith a fluid disposed within the first conduit. 

3693. The method of claim 36p4, further comprising removing a vapor fi*om the 
opening using a perforated tube disposed proximate to the first conduit in the opening to 
control a pressure in the openifng. 



3694. The method of claim 
through a perforated tube di 



3664, further comprising flowing a corrosion inhibiting fluid 
di^osed proximate to the first conduit in the opening. 
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3695. The method of claim 3664, wherein a second conductor is deposed within the 
first conduit, wherein the second conductor is electrically couple^to the first conductor to 
form an electrical circuit. 

3696. The method of claim 3664, wherein a second concmctor is disposed within the 
first conduit, wherein the second conductor is electricaijy coupled to the fu-st conductor 
with a connector. 

3697. The method of claim 3664, wherein a sec^fed conductor is disposed within a 
second conduit and a third conductor is disposed within a third conduit, wherein the 
second conduit and the third conduit are dispc/sed in different openings of the formation, 
wherein the first conductor is electrically coupled to the second conductor and the third 
conductor, and wherein the first, second, third conductors are configured to operate 
in a 3-phase Y configuration. 

3698. The method of claim 3664, wherein a second conductor is disposed within the 
first conduit, wherein at least one sliding electrical connector is coupled to the first 
conductor and the second conductor, and wherein heat generated by at least the one 
sliding electrical connector is le^ than heat generated by the first conductor or the second 
conductor. 

3699. The method of claim ^664, wherein the first conduit comprises a first section and 
a second section, wherein amickness of the first section is greater than a thickness of the 
second section such that heat radiated fi-om the first conductor to the section along the 
first section of the conduii is less than heat radiated from the first conductor to the section 
along the second section of the conduit. 



3700. The method of dlaim 3664, fixrther comprising flowing an oxidizing fluid through 
an orifice in the first conduit. 
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3701 . The method of claim 3664, further comprising disposing a perforated tube 
proximate to the first conduit and flowing an oxidizing fluid through the perforated tube. 



3702. The method of claim 3664, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the caroon within the formation. 

3703. A system configured to heat a hydrocarbon comaining formation, comprising: 

a first conductor disposed in a first conduit, yherein the first conduit is disposed 
within a first opening in the formation; 

a second conductor disposed in a second obnduit, wherein the second conduit is 
disposed within a second opening in the formation; 

a third conductor disposed in a third conduit, wherein the third conduit is disposed 
within a third opening in the formation, wherein the first, second, and third conductors 
are electrically coupled in a 3 -phase Y configuration, and wherein the first, second, and 
third conductors are configured to provide^eat to at least a portion of the formation 
during use; and 

wherein the system is configured to allow heat to transfer fi-om the first, second, 
and third conductors to a selected sect^n of the formation during use. 

3704. The system of claim 3703, v^erein the first, second, and third conductors are 
further configured to generate heat jfluring application of an electrical current to the first 
conductor. 

3705. The system of claim 370!^, wherein the first, second, and third conductors 
comprise a pipe. 



3706. The system of claim 37 
comprise stainless steel. 



G, wherein the first, second, and third conductors 



3707. The system of claim 3703, wherein the first, second, and third openings comprise 
a diameter of at least approximakely 5 cm. 
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3708. The system of claim 3703, further comprising a first sliding electrica|^connector 
coupled to the first conductor and a second sliding electrical connector coj4>led to the 
second conductor and a third sliding electrical connector coupled to the/ttiird conductor. 

3709. The system of claim 3703, fiirther comprising a first sliding electrical connector 
coupled to the first conductor, wherein the first sliding electricaKconnector is further 
coupled to the first conduit. / 

3710. The system of claim 3703, fiirther comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is fiirther coupled to the second conduit. / 

3711. The system of claim 3703, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the thifd sliding electrical cormector is fiirther 
coupled to the third conduit. / 

3712. The system of claim 3703, wherdii each of the first, second, and third conduits 
comprises a fu'st section and a second section, wherein a thickness of the first section is 
greater than a thickness of the seconci/section such that heat radiated from each of the 
first, second, and third conductors to the section along the first section of each of the 
conduits is less than heat radiated from the first, second, and third conductors to the 
section along the second section of each of the conduits. 

3713. The system of claim 3703, fiirther comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configured to maintain a pressure within 
the first conduit to substantially inhibit deformation of the first, second, and third 
conduits during use. / 

3714. The system of claim 3703, fiirther comprising a thermally conductive fluid 
disposed within the first, second, and third conduits. 
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3715. The system of claim 3703, further comprising a thermally cc/hductive fluid 
disposed within the first, second, and third conduits, wherein the mermally conductive 
fluid comprises helium. / 

3716. The system of claim 3703, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configure4 to substantially inhibit arcing 
between the first, second, and third conductors and the/irst, second, and third conduits 
during use. / 

3717. The system of claim 3703, further compriising at least one tube disposed within 
the first, second, and third openings external tOyUie first, second, and third conduits, 
wherein at least the one tube is configured to remove vapor produced from at least the 
heated portion of the formation such that a pressure balance is maintained between the 
first, second, and third conduits and the fir^t, second, and third openings to substantially 
inhibit deformation of the first, second, mid third conduits during use. 

3718. The system of claim 3703, wherein the first, second, and third conductors are 
further configured to generate radian/ heat of approximately 650 W/m to approximately 
1 650 W/m during use. / 

3719. The system of claim 3703/ fiirther comprising at least one overburden casing 
coupled to the first, second, andihird openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation. 

3720. The system of claim 3703, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an ov^burden of the formation, and wherein at least the one 
overburden casing comprises steel. 
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3721 . The system of claim 3703, further comprising at least one overburderf casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the fonnation, and wherein at least the one 
overburden casing is further disposed in cement. / 

3722. The system of claim 3703, further comprising at least oneyoverburden casing 
coupled to the first, second, and third openings, wherein at leas/the one overburden 
casing is disposed in an overburden of the formation, and wh/rein a packing material is 
disposed at a junction of at least the one overburden casing/and the first, second, and third 
openings. / 

3723. The system of claim 3703, further comprising/at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, wherein a packing material is 
disposed at a junction of at least the one overburaen casing and the first, second, and third 
openings, and wherein the packing material is Airther configured to substantially inhibit a 
flow of fluid between the first, second, and third opening and at least the one overburden 
casing during use. / 

3724. The system of claim 3703, wher/in the heated secfion of the formation is 
substantially pyrolyzed. / 

3725. A system configiu-able to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a first conduit, wherein the first 

conduit is configurable to be disposed within a first opening in the formation; 

a second conductor conngurable to be disposed in a second conduit, wherein the 
second conduit is configurable io be disposed within a second opening in the formation; 

a third conductor coriffciirable to be disposed in a third conduit, wherein the third 
conduit is configurable to be disposed within a third opening in the formation, wherein 
the first, second, and third conductors are further configurable to be electrically coupled 
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in a 3-phase Y configuration, and wherein the first, second, and thircrconductors are 
further configurable to provide heat to at least a portion of the fonnation during use; and 
wherein the system is configurable to allow heat to tranjffer fi-om the first, second, 
and third conductors to a selected section of the formation dming use. 

3726. The system of claim 3725, wherein the first, seccmd, and third conductors are 
fiirther configurable to generate heat during application of an electrical current to the first 
conductor. / 

3727. The system of claim 3725, wherein the first, second, and third conductors 
comprise a pipe. / 

3728. The system of claim 3725, wherein/the first, second, and third conductors 
comprise stainless steel. / 

3729. The system of claim 3725, wherein the first, second, and third opening comprise a 
diameter of at least approximately 5 pi. 

3730. The system of claim 3725, iurther comprising a first sliding electrical connector 
coupled to the first conductor ancya second sliding electrical connector coupled to the 
second conductor and a third sliaing electrical connector coupled to the third conductor. 

373 1 . The system of claim 3725, fiirther comprising a first sliding electrical connector 
coupled to the first conductor/ wherein the first sliding electrical connector is fiirther 
coupled to the first conduit. / 

3732. The system of claim 3725, fiirther comprising a second sliding electrical 
connector coupled to the second conductor, wherein the second sliding electrical 
connector is further coupled to the second conduit. 
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3733. The system of claim 3725, further comprising a third sliding electrical connector 
coupled to the third conductor, wherein the third sliding electrical connector is further 
coupled to the third conduit. / 

3734. The system of claim 3725, wherein each of the first, sec^d, and third conduits 
comprises a first section and a second section, wherein a thicloiess of the first section is 
greater than a thickness of the second section such that heat /adiated fi^om each of the 
first, second, and third conductors to the section along thaoirst section of each of the 
conduits is less than heat radiated from the first, second/and third conductors to the 
section along the second section of each of the conduits. 

3735. The system of claim 3725, further comprising a fluid disposed within the first, 
second, and third conduits, wherein the fluid is configurable to maintain a pressure within 
the first conduit to substantially inhibit defommtion of the first, second, and third 
conduits during use. / 

3736. The system of claim 3725, further Comprising a thermally conductive fluid 
disposed within the first, second, and thi/d conduits. 

3737. The system of claim 3725, fi 
disposed within the first, second, an( 
fluid comprises helium. / 

3738. The system of claim 3725f, further comprising a fluid disposed within the first, 
second, and third conduits, wheriein the fluid is configurable to substantially inhibit arcing 
between the first, second, and tnird conductors and the first, second, and third conduits 
during use. / 

3739. The system of claim 3p25, further comprising at least one tube disposed within 
the first, second, and third oppnings extemal to the first, second, and third conduits, 
wherein at least the one tube is configurable to remove vapor produced from at least the 



ler comprising a thermally conductive fluid 
third conduits, wherein the thermally conductive 
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heated portion of the formation such that a pressure balance is maintamed between the 
first, second, and third conduits and the first, second, and third openings to substantially 
inhibit deformation of the first, second, and third conduits during/ise. 

3740. The system of claim 3725, wherein the first, second, ahd third conductors are 
fiirther configurable to generate radiant heat of approximately 650 W/m to approximately 
1650 W/m during use. / 

3741 . The system of claim 3725, further comprising At least one overburden casing 
coupled to the first, second, and third openings, wh^ein at least the one overburden 
casing is disposed in an overburden of the formation. 

3742. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein at least the one 
overburden casing comprises steel. / 

3743 . The system of claim 3725, furthe/ comprising at least one overburden casing 
coupled to the first, second, and third openings, wherein at least the one overburden 
casing is disposed in an overburden ofithe formation, and wherein at least the one 
overburden casing is further disposer in cement. 

3744. The system of claim 3725, ftirther comprising at least one overburden casing 
coupled to the first, second, and tmrd openings, wherein at least the one overburden 
casing is disposed in an overburden of the formation, and wherein a packing material is 
disposed at a junction of at least Ahe one overburden casing and the first, second, and third 
openings. / 

3745. The system of claim 3725, further comprising at least one overburden casing 
coupled to the first, second, arid third openings, wherein at least the one overburden 
casing is disposed in an overblirden of the formation, wherein a packing material is 
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disposed at a junction of at least the one overburden casing and the first, sfecond, and third 
openings, and wherein the packing material is further configurable to substantially inhibit 
a flow of fluid between the first, second, and third opening and at lea/t the one 
overburden casing during use. / 

3746. The system of claim 3725, wherein the heated section </f the formation is 
substantially pyrolyzed. / 

3747. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to a first conductc/r to provide heat to at least a 

portion of the formation, wherein the first conductor is disposed in a first conduit, and 
wherein the first conduit is disposed within a first OTening in the formation; 

applying an electrical current to a second Conductor to provide heat to at least a 
portion of the formation, wherein the second conductor is disposed in a second conduit, 
and wherein the second conduit is disposed wimin a second opening in the formation; 

applying an electrical current to a thira conductor to provide heat to at least a 
portion of the formation, wherein the third cy&nductor is disposed in a third conduit, and 
wherein the third conduit is disposed within a third opening in the formation; and 

allowing the heat to transfer from me first, second, and third conductors to a 
selected section of the formation. / 

3748. The method of claim 3747, whbrein the first, second, and third conductors 
comprise a pipe. / 

3749. The method of claim 3747, wherein the first, second, and third conductors 
comprise stainless steel. / 

3750. The method of claim 3747, wherein the first, second, and third conduits comprise 
stainless steel. / 
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3751 . The method of claim 3747, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. / 



3752. The method of claim 3747, further comprising determining a temperature 
distribution in the first, second, and third conduits using an ^ectromagnetic signal 
provided to the first, second, and third conduits. 

3753. The method of claim 3747, further comprisingymonitoring the applied electrical 
current. 

3754. The method of claim 3747, further composing monitoring a voltage applied to the 
first, second, and third conductors. 

3755. The method of claim 3747, further comprising monitoring a temperature in the 
first, second, and third conduits with at leap one thermocouple. 

3756. The method of claim 3747, furthjer comprising maintaining a sufficient pressure 
between the first, second, and third conduits and the first, second, and third openings to 
substantially inhibit deformation of the first, second, and third conduits, 

3757. The method of claim 3747,yfurther comprising providmg a thermally conductive 
fluid within the first, second, and mird conduits. 

3758. The method of claim 3747, further comprising providing a thermally conductive 
fluid within the first, second, a|id third conduits, wherein the thermally conductive fluid 
comprises helium. 



3759. The method of claim/3747, further comprising inhibiting arcing between the first, 
second, and third conductors and the first, second, and third conduits with a fluid 
disposed within the first, second, and third conduits. 
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3760. The method of claim 3747, further comprising removing a vapo/ from the first, 
second, and third openings using at least one perforated tube disposed/proximate to the 
first, second, and third conduits in the first, second, and third openings to control a 
pressure in the first, second, and third openings. 

3761 . The method of claim 3747, wherein the first, second/and third conduits comprise 
a first section and a second section, wherein a thickness o^the first section is greater than 
a thickness of the second section such that heat radiated/from the first, second, and third 
conductors to the section along the first section of theyfirst, second, and third conduits is 
less than heat radiated from the first, second, and third conductors to the section along the 
second section of the first, second, and third condtnts. 

3762. The method of claim 3747, further comprising flowing an oxidizing fluid through 
an orifice in the first, second, and third conduiis. 

3763. The method of claim 3747, further oomprising heating at least the portion of the 
formation to substantially pyrolyze at leas/ some of the carbon within the formation. 

3764. A system configured to heat a hydrocarbon containing formation, comprising: 

a first conductor disposed in a ^onduit, wherein the conduit is disposed within an 
opening in the formation; and 

a second conductor disposedAn the conduit, wherein the second conductor is 
electrically coupled to the first conauctor with a connector, and wherein the first and 
second conductors are configured fo provide heat to at least a portion of the formation 
during use; and 

wherein the system is configured to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. 

3765. The system of claim 3754, wherein the first conductor is further configured to 
generate heat during applicaticfn of an electrical current to the first conductor. 
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3766. The system of claim 3764, wherein the first and second conductors <^mprise a 
pipe. 

3767. The system of claim 3764, wherein the first and second conductors comprise 
stainless steel. 

3768. The system of claim 3764, wherein the conduit comnj4ses stainless steel. 

3769. The system of claim 3764, further comprising a oentralizer configured to maintain 
a location of the first and second conductors within th/ conduit. 

3770. The system of claim 3764, fiirther compri^g a centralizer configured to maintain 
a location of the first and second conductors witjiin the conduit, wherein the centralizer 
comprises ceramic material. 

3771 . The system of claim 3764, further cy^mprising a centralizer configured to maintain 
a location of the first and second conductors within the conduit, wherein the centralizer 
comprises ceramic material and stainless steel. 

3772. The system of claim 3764, wljierein the opening comprises a diameter of at least 
approximately 5 cm. 

3773. The system of claim 376^, further comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3774. The system of claim fi764, further comprising a lead-in conductor coupled to the 
first and second conductors; wherein the lead-in conductor comprises copper. 

3775. The system of cla/m 3764, wherein the conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
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second section such that heat radiated from the first conductor to the section alcing the 
first section of the conduit is less than heat radiated from the first conductor p the section 
along the second section of the conduit. 

3776. The system of claim 3764, fiirther comprising a fluid disposed within the conduit, 
wherein the fluid is configured to maintain a pressure within the j^onduit to substantially 
inhibit deformation of the conduit during use. 

3777. The system of claim 3764, further comprising a tyrmally conductive fluid 
disposed within the conduit. 

3778. The system of claim 3764, fiirther comprisii/g a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid comprises helium. 

3779. The system of claim 3764, fiirther comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substanti^ly inhibit arcing between the first and second 
conductors and the conduit during use. 

3780. The system of claim 3764, fiirmer comprising a tube disposed within the opening 
external to the conduit, wherein the mbe is configured to remove vapor produced from at 
least the heated portion of the fommtion such that a pressure balance is maintained 
between the conduit and the open/ng to substantially inhibit deformation of the conduit 
during use. 

3781. The system of claim 3y764, wherein the first and second conductors are further 
configured to generate radiapt heat of approximately 650 W/m to approxhnately 1650 
W/m during use. 



3782. The system of clai 
the opening, wherein the 
formation. 



3764, fiirther comprising an overburden casing coupled to 
Overburden casing is disposed in an overburden of the 
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3783 . The system of claim 3764, further comprising an overburden ca&iiig coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. / 

3784. The system of claim 3764, further comprising an overbidden casing coupled to 
the opening, wherein the overburden casing is disposed in an/Overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3785. The system of claim 3764, further comprising overburden casing coupled to 
the opening, wherein the overburden casing is dispos/d in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3786. The system of claim 3764, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing \i disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3787. The system of claim 3764, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3788. A system configurable to heat a hydrocarbon containing formation, comprising: 
a first conductor configurable to be disposed in a conduit, wherein the conduit is 

configurable to be disposed within an opening in the formation; and 

a second conductor configurable to be disposed in the conduit, wherein the second 
conductor is configurable to be electrically coupled to the first conductor with a 
connector, and wherein the firsi and second conductors are further configurable to 
provide heat to at least a portion of the formation during use; and 
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wherein the system is configurable to allow heat to transfer from the first and 
second conductors to a selected section of the formation during use. / 

3789. The system of claim 3788, wherein the first conductor is further configurable to 
generate heat during application of an electrical current to the first conductor. 

3790. The system of claim 3788, wherein the first and second/conductors comprise a 
pipe. / 

3791. The system of claim 3788, wherein the first and second conductors comprise 
stainless steel. / 

3792. The system of claim 3788, wherein the conduit comprises stainless steel, 

3793. The system of claim 3788, fiirther composing a centralizer configurable to 
maintain a location of the first and second conductors within the conduit. 

3794. The system of claim 3788, fiirther c/mprising a centralizer configurable to 
maintain a location of the first and seconcyconductors within the conduit, wherein the 
centralizer comprises ceramic material. / 

3795. The system of claim 3788, fiirper comprising a centralizer configurable to 
maintain a location of the first and second conductors within the conduit, wherein the 
centralizer comprises ceramic material and stainless steel. 

3796. The system of claim 378a( wherein the opening comprises a diameter of at least 
approximately 5 cm. / 

3797. The system of claim 3Tki, fiirther comprising a lead-in conductor coupled to the 
first and second conductors, wherein the lead-in conductor comprises a low resistance 
conductor configurable to generate substantially no heat. 
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3798. The system of claim 3788, further comprising a lead-in conductor/oupled to the 
first and second conductors, wherein the lead-in conductor comprises copper. 

3799. The system of claim 3788, wherein the conduit comprises /first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the first conductor to the section along the 
first section of the conduit is less than heat radiated from tbe first conductor to the section 
along the second section of the conduit. 

3800. The system of claim 3788, further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

3801 . The system of claim 3788, further coryfprising a thermally conductive fluid 
disposed within the conduit. 

3802. The system of claim 3788, furthe/ comprising a thermally conductive fluid 
disposed within the conduit, wherein ihp thermally conductive fluid comprises helium. 

3803. The system of claim 3788, fij/ther comprising a fluid disposed within the conduit, 
wherein the fluid is configurable to substantially inhibit arcing between the first and 
second conductors and the conduiyduring use. 



3804. The system of claim 3788, further comprising a tube disposed within the opening 
external to the conduit, whereinf the tube is configurable to remove vapor produced fi-om 
at least the heated portion of thie formation such that a pressure balance is maintained 
between the conduit and the o )ening to substantially inhibit deformation of the conduit 
during use. 

\ 
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3805. The system of claim 3788, wherein the first and second conducto/s are further 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3806. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an/overburden of the 
formation. / 

3807. The system of claim 3788, further comprising mx overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3808. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casfng is further disposed in cement. 

3809. The system of claim 3788, further comprising an overburden casing coupled to 
the opening, wherein the overburden oasing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

3810. The system of claim 378S, further comprising an overburden casing coupled to 
the opening, wherein the overbiirden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and whereinfthe packing material is further configurable to substantially 
inhibit a flow of fluid betwedn the opening and the overburden casing during use. 

3811. The system of claim|3788, wherein the heated section of the formation is 
substantially pyrolyzed. 

3812. An in situ method foE heating a hydrocarbon containing formation, comprising: 
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applying an electrical current to at least two conductors to prov/de heat to at least 
a portion of the formation, wherein at least the two conductors are disposed within a 
conduit, wherein the conduit is disposed within an opening in the rormation, and wherein 
at least the two conductors are electrically coupled with a connector; and 

allowing heat to transfer from at least the two conduc^rs to a selected section of 
the formation. 

3813. The method of claim 3812, wherein at least the two conductors comprise a pipe. 

3814. The method of claim 3812, wherein at leastyflie two conductors comprise stainless 
steel 

3815. The method of claim 3812, wherein ihd conduit comprises stainless steel. 

3816. The method of claim 3812, further obmprising maintaining a location of at least 
the two conductors in the conduit with a centralizer. 

3817. The method of claim 3812, further comprising maintaining a location of at least 
the two conductors in the conduit witl/a centralizer, wherein the centralizer comprises 
ceramic material. 

3818. The method of claim 381 2, /further comprising maintaining a location of at least 
the two conductors in the conduit iwith a centralizer, wherein the centralizer comprises 
ceramic material and stainless steel. 



3819. The method of claim 3 Si 2, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3820. The method of claim 3812, further comprising determining a temperature 
distribution in the conduit using an electromagnetic signal provided to the conduit. 
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3821. The method of claim 3812, further comprising monitoring the apj^ed electrical 
current. 

3822. The method of claim 3 8 1 2, further comprising monitoring a/^^oltage applied to at 
least the two conductors. 

3823. The method of claim 3812, further comprising monito;4ng a temperature in the 
conduit with at least one thermocouple. 

3 824. The method of claim 3812, further comprising coGpling an overburden casing to 
the opening, wherein the overburden casing is disposecj^in an overburden of the 
formation. 

3825. The method of claim 3812, further compri^mg coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3 826. The method of claim 3812, further cc/mprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3827. The method of claim 3812, furtMer comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing m^erial is disposed at a junction of the overburden 
casing and the opening. 



3828. The method of claim 381 2ifurther comprising coupling an overburden casing to 
the opening, wherein the overburaen casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden c asing with a packing material. 
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3829. The method of claim 3812, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3830. The method of claim 3812, further comprising providing a tljermally conductive 
fluid within the conduit. 

3831. The method of claim 3812, further comprising providing a thermally conductive 
fluid within the conduit, wherein the thermally conductive fluid comprises helium. 

3832. The method of claim 3812, further comprising inlin?iting arcing between at least 
the two conductors and the conduit with a fluid disposecy within the conduit. 

3833. The method of claim 3812, further comprisin^removing a vapor from the 
opening using a perforated tube disposed proximate p the conduit in the opening to 
control a pressure in the opening. 

3834. The method of claim 3812, further comprising flov^ng a corrosion inhibiting fluid 
through a perforated tube disposed proximate to/the conduit in the opening. 

3835. The method of claim 3812, wherein thjfe conduit comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from me first conductor to the section along the 
first section of the conduit is less than heat /adiated from the first conductor to the section 
along the second section of the conduit. 

3836. The method of claim 3812, fiirth^ comprising flowing an oxidizing fluid through 
an orifice in the conduit. 



3837. The method of claim 3812, further comprising disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 
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3838. The method of claim 3812, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least some of the carbon within the fixation. 

3839. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one conductor disposed in a conduit, wherein the conduit is disposed 

within an opening in the formation, and wherein at least the one conductor is configured 
to provide heat to at least a first portion of the formation duringoise; 

at least one sliding connector, wherein at least the one^ sliding connector is 
coupled to at least the one conductor, wherein at least the one sliding connector is 
configured to provide heat during use, and wherein heat provided by at least the one 
sliding connector is substantially less than the heat provided by at least the one conductor 
during use; and / 

wherein the system is configured to allow hekt to transfer fi-om at least the one 
conductor to a section of the formation during use/ 

3840. The system of claim 3839, wherein at least the one conductor is further 
configured to generate heat during application^ of an electrical current to at least the one 
conductor. / 

3841 . The system of claim 3839, wherein at least the one conductor comprises a pipe. 

3842. The system of claim 3839, wherein at least the one conductor comprises stainless 
steel. / 

3843. The system of claim 3839, wmerein the conduit comprises stainless steel. 

3844. The system of claim 3839, further comprising a centralizer configured to maintain 
a location of at least the one conductor within the conduit. 
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3845. The system of claim 3839, further comprising a centralizer configured4o maintain 
a location of at least the one conductor within the conduit, wherein the centralizer 
comprises ceramic material. / 

3846. The system of claim 3839, further comprising a centralizer/configured to maintain 
a location of at least the one conductor within the conduit, whemn the centralizer 
comprises ceramic material and stainless steel. / 

3847. The system of claim 3839, wherein the opening ccfmprises a diameter of at least 
approximately 5 cm. / 

3848. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises a low resistance 
conductor configured to generate substantially no heat. 

3849. The system of claim 3839, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein the lead-in^ conductor comprises copper. 

3850. The system of claim 3839, wherein the conduit comprises a first section and a 
second section, wherein a thickness ofihe first section is greater than a thickness of the 
second section such that heat radiateafrom the first conductor to the section along the 
first section of the conduit is less thp heat radiated from the first conductor to the section 
along the second section of the conduit. 

3851 . The system of claim 3839', further comprising a fluid disposed within the conduit, 
wherein the fluid is configured p maintain a pressure within the conduit to substantially 
inhibit deformation of the conquit during use. 



3852. The system of claim 
disposed within the conduit. 



839, further comprising a thermally conductive fluid 
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3853. The system of claim 3839, further comprising a thermally conductive fluid 
disposed within the conduit, wherein the thermally conductive fluid c^e>mprises helium. 

3854. The system of claim 3839, further comprising a fluid disposed within the conduit, 
wherein the fluid is configured to substantially inhibit arcing benveen at least the one 
conductor and the conduit during use. / 

3855. The system of claim 3839, further comprising a tune disposed within the opening 
external to the conduit, wherein the tube is configured ta remove vapor produced from at 
least the heated portion of the formation such that a prpsure balance is maintained 
between the conduit and the opening to substantially /inhibit deformation of the conduit 
during use. / 

3856. The system of claim 3839, wherein at least the one conductor is further 
configured to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. 

3857. The system of claim 3839, further C( 
the opening, wherein the overburden casing 
fomiation. / 

3858. The system of claim 3839, furtner comprising an overburden casing coupled to 
the opening, wherein the overburden dasing is disposed in an overburden of the 
formation, and wherem the overburden casing comprises steel. 

3859. The system of claim 3839, 
the opening, wherein the overburdi 
formation, and wherein the overbi/ 

3860. The system of claim 383* 
the opening, wherein the overbui 
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Dmprising an overburden casing coupled to 
is disposed in an overburden of the 



ler comprising an overburden casing coupled to 
in casing is disposed in an overburden of the 
rden casing is further disposed in cement. 



|, further comprising an overburden casing coupled to 
len casing is disposed in an overburden of the 



formation, and wherein a packing material is disposed at a junction of the/6verburden 
casing and the opening. / 

3861 . The system of claim 3839, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an oWrburden of the 
formation, wherein a packing material is disposed at a junctioia of the overburden casing 
and the opening, and wherein the packing material is furthe/configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

3862. The system of claim 3839, further comprising/an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance c/nductor is electrically coupled to at 
least the one conductor. / 

3863. The system of claim 3839, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantially low resistance conductor comprises 
carbon steel. / 

3864. The system of claim 3839,yTurther comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configured to support the substantially low resistance conductor 
within the overburden casing. / 

3865. The system of claimp839, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3866. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one conductor configurable to be disposed in a conduit, wherein the 

conduit is configurable to be disposed within an opening in the formation, and wherein at 
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least the one conductor is further configurable to provide heat/to at least a first portion of 
the formation during use; / 

at least one sliding connector, wherein at least the^ne sliding connector is 
configurable to be coupled to at least the one conductoi/ wherein at least the one sliding 
connector is fiirther configurable to provide heat duriiig use, and wherein heat provided 
by at least the one sliding connector is substantiallWless than the heat provided by at least 
the one conductor during use; and / 

wherein the system is configurable to allow heat to transfer fi-om at least the one 
conductor to a section of the formation duringmse. 

3867. The system of claim 3866, whereinAt least the one conductor is fiirther 
configurable to generate heat during application of an electrical current to at least the one 
conductor. / 

3868. The system of claim 3866, wherein at least the one conductor comprises a pipe. 

3869. The system of claim 3866, wherein at least the one conductor comprises stainless 
steel. I 

3870. The system of claim 3866, wherein the conduit comprises stainless steel. 

3871 . The system of claim j866, fiirther comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit. 

3872. The system of claim 3866, fiirther comprising a centralizer configurable to 
mamtain a location of at /east the one conductor within the conduit, wherein the 
centralizer comprises ceramic material. 

3873. The system of claim 3866, fiirther comprising a centralizer configurable to 
maintain a location of at least the one conductor within the conduit, wherein the 
centralizer comprises ieramic material and stainless steel. 
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3874. The system of claim 3866, wherein the opening comprises a diametyr of at least 
approximately 5 cm. / 

3875. The system of claim 3866, further comprising a lead-in conductor coupled to at 
least the one conductor, wherein die lead-in conductor comprises /low resistance 
conductor configurable to generate substantially no heat. / 

3876. The system of claim 3866, further comprising a leaja-in conductor coupled to at 
least the one conductor, wherein the lead-in conductor comprises copper. 

3877. The system of claim 3866, wherein the conduct comprises a first section and a 
second section, wherein a thickness of the first section is greater than a thickness of the 
second section such that heat radiated from the fir/t conductor to the section along the 
first section of the conduit is less than heat radiated fi-om the first conductor to the section 
along the second section of the conduit. / 

3878. The system of claim 3866, further coihprising a fluid disposed within the conduit, 
wherein the fluid is configurable to maintain a pressure within the conduit to substantially 
inhibit deformation of the conduit during use. 

3879. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit. / 

3880. The system of claim 3866, further comprising a thermally conductive fluid 
disposed within the conduit, whereiA the thermally conductive fluid comprises helium. 

3881. The system of claim 3 866, /further comprising a fluid disposed within the conduit, 
wherein the fluid is configurable ro substantially inhibit arcing between at least the one 
conductor and the conduit during/use. 
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3882. The system of claim 3866, further comprising a tube disposed Within the opening 
external to the conduit, wherein the tube is configurable to remove vapor produced from 
at least the heated portion of the formation such that a pressure balsmce is maintained 
between the conduit and the opening to substantially inhibit defijjrmation of the conduit 
during use. 



3883. The system of claim 3866, wherein at least the 
configurable to generate radiant heat of approximately 
W/m during use. 



one 



/50 



conductor is fiirther 

W/m to approximately 1650 



3884. The system of claim 3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is djsposed in an overburden of the 
formation. 

3885. The system of claim 3866, further cc^mprising an overbui'den casing coupled to 
the opening, wherein the overburden casirig is disposed in an overburden of the 
formation, and wherein the overburden ^asing comprises steel. 

3886. The system of claim 3866, furfher comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overbumen casing is further disposed in cement. 

3887. The system of claim 386o, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packjing material is disposed at a junction of the overburden 
casing and the opening. 



3888. The system of claim/3866, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
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and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing duririg use. 

3889. The system of claim 3866, further comprising an overburden <^ing coupled to 
the opening and a substantially low resistance conductor disposed )^vithin the overburden 
casing, wherein the substantially low resistance conductor is elaraically coupled to at 
least the one conductor. / 

3890. The system of claim 3866, further comprising aiyoverburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing, wherein the substantially low resistance conductor is electrically coupled to at 
least the one conductor, and wherein the substantmlly low resistance conductor comprises 
carbon steel. / 

3891. The system of claim 3866, further comprising an overburden casing coupled to 
the opening and a substantially low resistance conductor disposed within the overburden 
casing and a centralizer configurable to^pport the substantially low resistance conductor 
within the overburden casing. / 

3892. The system of claim 3866, wherein the heated section of the formation is 
substantially pyrolyzed. / 

3893. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to at least one conductor and at least one sliding 

connector to provide heat toM least a portion of the formation, wherein at least the one 
conductor and at least the one sliding connector are disposed within a conduit, and 
wherein heat provided by it least the one conductor is substantially greater than heat 
provided by at least the one sliding connector; and 

allowing the heatito transfer from at least the one conductor and at least the one 
sliding connector to a section of the formation. 
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3894. The method of claim 3893, wherein at least the one conductor cbmprises a pipe. 

3895. The method of claim 3893, wherein at least the one condi^tor comprises stainless 
steel. 

3896. The method of claim 3893, wherein the conduit comprises stainless steel. 

3897. The method of claim 3893, further comprising maintaining a location of at least 
the one conductor in the conduit with a centralize/ 

3898. The method of claim 3893, further cornprising maintaining a location of at least 
the one conductor in the conduit with a ceijfralizer, wherein the centralizer comprises 
ceramic material. 

3899. The method of claim 3893, fu/ther comprising maintaining a location of at least 
the one conductor in the conduit wim a centralizer, wherein the centralizer comprises 
ceramic material and stainless stQpL 

3900. The method of claim 3893, wherein the provided heat comprises approximately 
650 W/m to approximately 1650 W/m. 

3901 . The method of claim 3893, further comprising determining a temperature 
distribution in the conduj/t using an electromagnetic signal provided to the conduit. 

3902. The method of/:laim 3893, further comprising monitoring the applied electrical 
current. 



3903. The methodibf claim 3893, further comprising monitoring a voltage applied to at 
least the one conductor. 
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3904. The method of claim 3893, further comprising monitoring a temper^e m the 
conduit with at least one thermocouple. 

3905. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overjjfUrden of the 
formation. 

3906. The method of claim 3893, further comprising counlfng an overburden casing to 
the opening, wherein the overburden casing is disposed ipf an overburden of the 
formation, and wherein the overburden casing comprisels steel. 

3907. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing i/ further disposed in cement. 

3908. The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing materi^ is disposed at a junction of the overburden 
casing and the opening. 

3909. The method of claim 3893, fi/rther comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the method further comprises inhibiting a flow of fluid between 
the opening and the overburden casing with a packing material. 



3910, The method of claim 3893, further comprising coupling an overburden casing to 
the opening, wherein a substantially low resistance conductor is disposed within the 
overburden casing, and wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor. 
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391 1 . The method of claim 3893, further comprising coupling an overbu/den casing to 
the opening, wherein a substantially low resistance conductor is dispose^ within the 
overburden casing, wherein the substantially low resistance conductoi/is electrically 
coupled to at least the one conductor, and wherein the substantially^ow resistance 
conductor comprises carbon steel. 

3912. The method of claim 3893, further comprising couplir/g an overburden casing to 
the opening, wherein a substantially low resistance conducts is disposed within the 
overburden casing, wherein the substantially low resistance conductor is electrically 
coupled to at least the one conductor, and wherein the mfethod further comprises 
maintaining a location of the substantially low resistance conductor in the overburden 
casing with a centralizer support. 

3913. The method of claim 3893, further composing electrically coupling a lead-in 
conductor to at least the one conductor, whereiri the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

3914. The method of claim 3893, further Comprising electrically coupling a lead-in 
conductor to at least the one conductor, wherein the lead-in conductor comprises copper. 

3915. The method of claim 3893, further comprising maintaining a sufficient pressure 
between the conduit and the formation to substantially inhibit deformation of the conduit. 

3916. The method of claim 3893/ further comprising providing a thermally conductive 
fluid within the conduit. 

3917. The method of claim 3X93, further comprising providing a thermally conductive 
fluid within the conduit, whenbin the thermally conductive fluid comprises helium. 



391 8. The method of claini 3893, further comprising mhibiting arcing between the 
conductor and the conduit with a fluid disposed within the conduit. 
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3919. The method of claim 3893, further comprising removing a varior from the 
opening using a perforated tube disposed proximate to the conduit jpx the opening to 
control a pressure in the opening. 

3920. The method of claim 3893, further comprising flowing a corrosion inhibiting fluid 
through a perforated tube disposed proximate to the conduix in the opening. 

3921. The method of claim 3893, further comprising Rowing an oxidizing fluid through 
an orifice in the conduit. 

3922. The method of claim 3893, further compri/ing disposing a perforated tube 
proximate to the conduit and flowing an oxidizing fluid through the perforated tube. 

3923. The method of claim 3893, further comprising heating at least the portion of the 
formation to substantially pyrolyze at least s/me of the carbon within the formation. 

3924. A system configured to heat a hydrocarbon containing formation, comprising: 
at least one elongated member diiposed within an opening in the formation, 

wherein at least the one elongated menper is configured to provide heat to at least a 
portion of the formation during use; aad 

wherein the system is configii-ed to allow heat to transfer from at least the one 
elongated member to a section of thp formation during use. 

3925. The system of claim 3924/wherein at least the one elongated member comprises 
stainless steel. 



3926. The system of claim 39! 
configured to generate heat 
elongated member. 



4, wherein at least the one elongated member is further 
duiing application of an electrical current to at least the one 
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3927. The system of claim 3924, further comprising a support member codpled to at 
least the one elongated member, wherein the support member is configur/d to support at 
least the one elongated member. 



3928. The system of claim 3924, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is Configured to support at 
least the one elongated member, and wherein the support memoer comprises openings. 



3929. The system of claim 3924, fixrther comprising a si^port member coupled to at 
least the one elongated member, wherein the support member is configured to support at 
least the one elongated member, wherein the support member comprises openings, 
wherein the openings are configured to flow a fluid Along a length of at least the one 
elongated member during use, and wherein the fluid is configured to substantially inhibit 
carbon deposition on or proximate to at least the/one elongated member during use. 

3930. The system of claim 3924, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the openings are configured to flow a fluid 
along a length of at least the one elongated member during use, and wherein the fluid is 
configured to substantially inhibit carboy deposition on or proximate to at least the one 
elongated member during use. 

393 1 . The system of claim 3924, fuhher comprising a centralizer coupled to at least the 
one elongated member, wherein th^centralizer is configured to electrically isolate at least 
the one elongated member. 



3932. The system of claim 3924, further comprising a centralizer coupled to at least the 
one elongated member and a support member coupled to at least the one elongated 
member, wherein the centralizes is configured to maintain a location of at least the one 
elongated member on the supp6rt member. 
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3933. The system of claim 3924, wherein the opening comprises a di; 
approximately 5 cm. y 



;ter of at least 



3934. The system of claim 3924, further comprising a lead-in ccmductor coupled to at 
least the one elongated member, wherein the lead-in conducto/comprises a low 
resistance conductor configured to generate substantially no^eat. 

3935. The system of claim 3924, further comprising a Ifead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a rubber 
insulated conductor. / 

3936. The system of claim 3924, further compmsing a lead-in conductor coupled to at 
least the one elongated member, wherein the Ipd-in conductor comprises copper wire. 

3937. The system of claim 3924, further comprising a lead-in conductor coupled to at 
least the one elongated member with a co/d pin transition conductor. 

irmer comprising a lead-in conductor coupled to at 
p cold pin transition conductor, wherein the cold pin 
istantially low resistance insulated conductor. 

3939. The system of claim 3924, wherein at least the one elongated member is arranged 
in a series electrical configuration. 

3940. The system of claim 3924, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. 

m 3924, wherein at least the one elongated member is 
iiant heat of approximately 650 W/m to approximately 1650 



3938. The system of claim 3924, 
least the one elongated member wit 
transition conductor comprises a si 



394 1 . The system of cla^ 
configured to generate ra 
W/m during use. 
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3942. The system of claim 3924, further comprising a perforated tu^e disposed in the 
opening external to at least the one elongated member, wherein the^perforated tube is 
configured to remove vapor from the opening to control a pressi^e in the opening during 
use. 

3943. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed p. an overburden of the 
foraiation. 

3944. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is di/posed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

3945. The system of claim 3924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 

3946. The system of claim 3924, furtMer comprising an overburden casing coupled to * 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disposed at a junction of the overburden 
casing and the opening. 

3947. The system of claim 3924( further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing niaterial is disposed at a junction of the overburden casing 
and the opening, and wherein tine packing material comprises cement. 



3948. The system of claim 3[924, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 



formation, wherein a packin 



material is disposed at a junction of the overburden casing 



V 
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and the opening, and wherein the packing material is further configured to substantially 
inhibit a flow of fluid between the opening and the overburden casing/during use. 



3949. The system of claim 3924, wherein the heated section o|>me formation is 
substantially pyrolyzed. 

3950. A system configurable to heat a hydrocarbon coinaining formation, comprising: 
at least one elongated member configurable to^e disposed within an opening in 

the formation, wherein at least the one elongated niember is further configurable to 
provide heat to at least a portion of the formation/during use; and 

wherein the system is configurable to allow heat to transfer fi-om at least the one 
elongated member to a section of the formaticfn during use. 

395 1 . The system of claim 3950, wherei^ at least the one elongated member comprises 
stainless steel. 

3952. The system of claim 3950, wl(erein at least the one elongated member is further 
configurable to generate heat during application of an electrical current to at least the one 
elongated member. 

3953. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member. 

3954. The system of claim 3950, further comprising a support member coupled to at 
least the one elongated member, wherein the support member is configurable to support 
at least the one elongated member, and wherein the support member comprises openings. 



3955. The system of Jlaim 3950, further comprising a support member coupled to at 
least the one elongatea member, wherein the support member is configurable to support 
at least the one elongated member, wherein the support member comprises openings. 
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wherein the openings are configurable to flow a fluid along a length j6f at least the one 
elongated member during use, and wherein the fluid is configurable to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member during 
use. 

3956. The system of claim 3950, further comprising a tube disposed in the opening, 
wherein the tube comprises openings, wherein the operiings are configurable to flow a 
fluid along a length of at least the one elongated member during use, and wherein the 
fluid is configurable to substantially inhibit carbo;! deposition on or proximate to at least 
the one elongated member during use. 

3957. The system of claim 3950, fiirther co^nprising a centralizer coupled to at least the 
one elongated member, wherein the centrajizer is configurable to electrically isolate at 
least the one elongated member. 

3958. The system of claim 3950, ftirtner comprising a centralizer coupled to at least the 
one elongated member and a suppor/ member coupled to at least the one elongated 
member, wherein the centralizer isyconfigurable to maintain a location of at least the one 
elongated member on the supportymember. 

3959. The system of claim 39^0, wherein the opening comprises a diameter of at least 
approximately 5 cm. 

.3960. The system of ciainV 3950, fiirther comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 



396 1 , The system of cl; 
least the one elongated 
insulated conductor. 



im 3950, further comprising a lead-in conductor coupled to at 
^ember, wherein the lead-in conductor comprises a rubber 



\ 
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3962. The system of claim 3950, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 

3963. The system of claim 3950, further comprising a lead-in conchictor coupled to at 
least the one elongated member with a cold pin transition conduct/r. 

3964. The system of claim 3950, further comprising a lead-ir/conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor comprises a substantially low resistanpe insulated conductor. 

3965. The system of claim 3950, wherein at least the one elongated member is arranged 
in a series electrical configuration. / 

3966. The system of claim 3950, wherein at leasythe one elongated member is arranged 
in a parallel electrical configuration. / 

3967. The system of claim 3950, wherein at least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

3968. The system of claim 3950, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the/opening to control a pressure in the opening 
during use. 

3969. The system of claim 3950, 
the opening, wherein the overburd< 
formation. 



ler comprising an overburden casing coupled to 
L casing is disposed in an overburden of the 
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3970. The system of claim 3950, further comprising an overburden /asing coupled to 
the opening, wherein the overburden casing is disposed in an over^den of the 
formation, and wherein the overburden casing comprises steel. 

3971 . The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in/an overburden of the 
formation, and wherein the overburden casing is further >disposed in cement. 

3972. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a packing material is disj^sed at a junction of the overburden 
casing and the opening. 

3973. The system of claim 3950, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material comprises cement. 

3974. The system of claim 3950, furtiher comprising an overburden casing coupled to 
the opening, wherein the overburden/casing is disposed in an overbiirden of the 
formation, wherein a packing maternal is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between thp opening and the overburden casing during use. 

3975. The system of claim 39^0, wherein the heated section of the formation is 
substantially pyrolyzed. 



3976. An in situ method for heating a hydrocarbon containing formation, comprising: 
applying an electrical current to at least one elongated member to provide heat to 



at least a portion of the foi 



v^thin an opening of the formation; and 



lation, wherein at least the one elongated member is disposed 
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allowing heat to transfer from at least the one elongated member ij a section of 
the formation. 

3977. The method of claim 3976, wherein at least the one elongate/member comprises 
a metal strip. 

3978. The method of claim 3976, wherein at least the one el96gated member comprises 
a metal rod. 

3979. The method of claim 3976, wherein at least the oj/e elongated member comprises 
stainless steel. 

3980. The method of claim 3976, fiirther comprising supporting at least the one 
elongated member on a center support member. 

398 1 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center support member, ^wherein the center support member 
comprises a tube. 

3982. The method of claim 3976, further co/nprising electrically isolating at least the 
one elongated member with a centralizer. 

3983. The method of claim 3976, flxrthe^ comprising laterally spacing at least the one 
elongated member with a centralizer. 

3984. The method of claim 3976, furtller comprising electrically coupling at least the 
one elongated member in a series configuration. 



3985. The method of claim 3976, 
one elongated member in a parallel 



further comprising electrically coupling at least the 
configuration. 
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3986. The method of claim 3976, wherein the provided heat compj/ses approximately 
650 W/m to approximately 1650 W/m. 

3987. The method of claim 3976, further comprising detennining a temperature 
distribution in at least the one elongated member using an Electromagnetic signal 
provided to at least the one elongated member. 

3988. The method of claim 3976, further comprising monitoring the applied electrical 
current. 

3989. The method of claim 3976, further com|(rising monitoring a voltage applied to at 
least the one elongated member. 

3990. The method of claim 3976, furthery^omprising monitoring a temperature in at 
least the one elongated member with at least one thermocouple. 

3991 . The method of claim 3976, further comprising supporting at least the one 
elongated member on a center suppcp member, wherein the center support member 
comprises openings, the method further comprising flowing an oxidizing fluid through 
the openings to substantially inhibit carbon deposition proximate to or on at least the one 
elongated member. 

3992. The method of claim 3576, further comprising flowing an oxidizing fluid through 
a tube disposed proximate to At least the one elongated member to substantially inhibit 
carbon deposition proximate to or on at least the one elongated member. 

It 

3993 . The method of clami 3976, further comprising flowing an oxidizing fluid through 
an opening in at least the bne elongated member to substantially inhibit carbon deposition 
proximate to or on at least the one elongated member. 
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3994. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the lead-in conductor comprises 
a low resistance conductor configured to generate substamially no heat. 

3995. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member usinJg a cold pin transition conductor. 

3996. The method of claim 3976, further comprising electrically coupling a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor cojnprises a substantially low resistance 
insulated conductor. 

3997. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden cping is disposed in an overburden of the 
formation. 

3998. The method of claim 3976,/rurther comprising coupling an overburden casing to 
the opening, wherein the overbur<^en casing comprises steel. 

3999. The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein the overburden casing is disposed in cement. 

4000. The method of claim/3976, further comprising coupling an overburden casing to 
the opening, wherein a pacmng material is disposed at a junction of the overburden 
casing and the opening. 



4001 . The method of claim 3976, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 



casing and the opening. 



md wherein the method further comprises inhibiting a flow of 



fluid between the opening and the overburden casing with the packing material. 
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4002. The method of claim 3976, further comprising heating at least the o^rtion of the 
fomiation to substantially pyrolyze at least some of the carbon within th^formation. 

4003. A system configured to heat a hydrocarbon containing foromtion, comprising: 
at least one elongated member disposed within an opeiung in the formation, 

wherein at least the one elongated member is configured to ^vide heat to at least a 
portion of the formation during use; / 
an oxidizing fluid source ; / 

a conduit disposed within the opening, wherdn the conduit is configured to 
provide an oxidizing fluid firom the oxidizing fluid/source to the opening during use, and 
wherein the oxidizing fluid is selected to substantially inhibit carbon deposition on or 
proximate to at least the one elongated membe/ during use; and 

wherein the system is configured to allow heat to transfer fi-om at least the one 
elongated member to a section of the formaftion during use. 

4004. The system of claim 4003, wherein at least the one elongated member comprises 
stainless steel. / 

4005. The system of claim 4003, wherein at least the one elongated member is fiirther 
configured to generate heat during application of an electrical current to at least the one 
elongated member. / 

4006. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member. / 

4007. The system of claim 4003, wherein at least the one elongated member is coupled 
to the conduit, wherein the conduit is further configured to support at least the one 
elongated member, and wherein the conduit comprises openings. 
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4008. The system of claim 4003, further comprising a centralizer /oupled to at least the 
one elongated member and the conduit, wherein the centralizer is^onfigured to 
electrically isolate at least the one elongated member from the yconduit. 

4009. The system of claim 4003, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configured to maintain 
a location of at least the one elongated member on the /onduit. 

4010. The system of claim 4003, wherein the op^ng comprises a diameter of at least 
approximately 5 cm. / 

401 1 . The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configured to generate substantially no heat. 

4012. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member, whe/ein the lead-in conductor comprises a rubber 
insulated conductor. / 

4013. The system of claim 4003/ further comprising a lead-in conductor coupled to at 
least the one elongated members wherein the lead-in conductor comprises copper wire. 

4014. The system of claim 4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor. 

401 5. The system of clain^4003, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transition conductor, wherein the cold pin 
transition conductor compmses a substantially low resistance insulated conductor. 

401 6. The system of claim 4003, wherein at least the one elongated member is arranged 
in a series electrical configuration. 
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401 7. The system of claim 4003, wherein at least the one elongate/ member is arranged 
in a parallel electrical configuration. 

401 8. The system of claim 4003, wherein at least the one elongated member is 
configured to generate radiant heat of approximately 650 fJIm to approximately 1650 
W/m during use. 

4019. The system of claim 4003, further comprising a perforated tube disposed in the 
opening extemal to at least the one elongated menper, wherein the perforated tube is 
configured to remove vapor from the opening to/control a pressure in the opening during 
use. 

4020. The system of claim 4003, further cc/mprising an overburden casing coupled to 
the opening, wherein the overburden casii^g is disposed in an overburden of the 
formation. 

4021. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden ycasing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4022. The system of claim 4003/further comprising an overburden casing coupled to 
the opening, wherein the overbumen casing is disposed in an overburden of the 
formation, and wherein the overburden casing is further disposed in cement. 



4023. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein a pacling material is disposed at a junction of the overburden 
casing and the opening. 



V 
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4024. The system of claim 4003, further comprising an overburden ca^ig coupled to 
the opening, wherein the overburden casing is disposed in an overbumen of the 
formation, wherein a packing material is disposed at a junction of tfie overburden casing 
and the opening, and wherein the packing material comprises cement. 

4025. The system of claim 4003, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed i/ an overburden of the 
formation, wherein a packing material is disposed at a iunction of the overburden casing 
and the opening, and wherein the packing material isymrther configured to substantially 
inhibit a flow of fluid between the opening and thCyOverburden casing during use. 

4026. The system of claim 4003, wherein the heated section of the formation is 
substantially pyrolyzed. / 

4027. A system configurable to heat a hydrocarbon containing formation, comprising: 
at least one elongated member configurable to be disposed within an opening in 

the formation, wherein at least the one elongated member is further configurable to 
provide heat to at least a portion of the formation during use; 

a conduit configurable to be disposed Mdthin the opening, wherein the conduit is 
further configurable to provide an o?c|(dizing fluid from the oxidizing fluid source to the 
opening during use, and wherein the system is configurable to allow the oxidizing fluid to 
substantially inhibit carbon deposition on or proximate to at least the one elongated 
member during use; and / 

wherein the system is furmer configurable to allow heat to transfer from at least 
the one elongated member to a section of the formation during use. 

4028. The system of claim 40^7, wherein at least the one elongated member comprises 
stainless steel. 1 
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4029. The system of claim 4027, wherein at least the one elongated member is further 
configurable to generate heat during application of an electrical jmrrent to at least the one 
elongated member. 

4030. The system of claim 4027, wherein at least the one^elongated member is coupled 
to the conduit, wherein the conduit is further configural^e to support at least the one 
elongated member. 

403 1 . The system of claim 4027, wherein at leasrthe one elongated member is coupled 
to the conduit, wherein the conduit is further coniigurable to support at least the one 
elongated member, and wherein the conduit comprises openings. 



4032. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
electrically isolate at least the one elongated member from the conduit. 



4033. The system of claim 4027, further comprising a centralizer coupled to at least the 
one elongated member and the conduit, wherein the centralizer is configurable to 
maintain a location of at least the one elongated member on the conduit. 

4034. The system of claim 4027/ wherein the opening comprises a diameter of at least 
approximately 5 cm. 



4035. The system of claim 40E7, further comprising a lead-in conductor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises a low 
resistance conductor configurable to generate substantially no heat. 



4036. The system of claim 
least the one elongated 
insulated conductor. 



4027, further comprising a lead-in conductor coupled to at 
member, wherein the lead-in conductor comprises a rubber 
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4037. The system of claim 4027, further comprising a lead-in conduotor coupled to at 
least the one elongated member, wherein the lead-in conductor comprises copper wire. 



4038. The system of claim 4027, further comprising a lead-in cfonductor coupled to at 
least the one elongated member with a cold pin transition conauctor. 

4039. The system of claim 4027, further comprising a lead-in conductor coupled to at 
least the one elongated member with a cold pin transiti^ conductor, wherein the cold pin 
transition conductor comprises a substantially low resistance insulated conductor. 

4040. The system of claim 4027, wherein at least me one elongated member is arranged 
in a series electrical configuration. / 

4041 . The system of claim 4027, wherein at least the one elongated member is arranged 
in a parallel electrical configuration. / 

4042. The system of claim 4027, wherein aft least the one elongated member is 
configurable to generate radiant heat of approximately 650 W/m to approximately 1650 
W/m during use. / 

4043. The system of claim 4027, further comprising a perforated tube disposed in the 
opening external to at least the one elongated member, wherein the perforated tube is 
configurable to remove vapor from the opening to control a pressure in the opening 
during use. / 

4044. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation. 
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4045. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing comprises steel. 

4046. The system of claim 4027, further comprisingyOn overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, and wherein the overburden casing is ^her disposed in cement. 

4047. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the overburden casing /s disposed in an overburden of the 
formation, and wherein a packing materials disposed at a jimction of the overburden 
casing and the opening. 

4048. The system of claim 4027, furnier comprising an overburden casing coupled to 
the opening, wherein the overburden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein theypacking material comprises cement. 

4049. The system of claim 4027, further comprising an overburden casing coupled to 
the opening, wherein the ovei/Durden casing is disposed in an overburden of the 
formation, wherein a packing material is disposed at a junction of the overburden casing 
and the opening, and wherein the packing material is further configurable to substantially 
inhibit a flow of fluid between the opening and the overburden casing during use. 

4050. The system of claim 4027, wherein the heated section of the formation is 
substantially pyrolyzed/ 



405 1 . An in situ metnod for heating a hydrocarbon containing formation, comprising: 

applying an electrical current to at least one elongated member to provide heat to 
at least a portion of the formation, wherein at least the one elongated member is disposed 
within an opening in the formation; 
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providing an oxidizing fluid to at least the one elongated menftber to substantially 
inhibit carbon deposition on or proximate to at least the one elongated member; and 

allowing heat to transfer from at least the one elongated pember to a section of 
the formation. 

4052. The method of claim 405 1 , wherein at least the one/elongated member comprises 
a metal strip. 

4053 . The method of claim 405 1 , wherein at least thg^one elongated member comprises 
a metal rod. 

4054. The method of claim 405 1 , wherein at lea^ the one elongated member comprises 
stainless steel. 

4055 . The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center support member. 

4056. The method of claim 405 1 , further/comprising supporting at least the one 
elongated member on a center support number, wherein the center support member 
comprises a tube. 

4057. The method of claim 405 1 , further comprising electrically isolating at least the 
one elongated member with a centrailizer. 

4058. The method of claim 405 1 / further comprising laterally spacing at least the one 
elongated member with a centralizer. 



4059. The method of claim 40 
one elongated member in a serifs 



1, further comprising electrically coupling at least the 
configuration. 
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4060. The method of claim 405 1 , further comprising electric^ly coupling at least the 
one elongated member in a parallel configuration. 

4061 . The method of claim 405 1 , wherein the providedyheat comprises approximately 
650 W/m to approximately 1650 W/m. 

4062. The method of claim 405 1, further comprising determining a temperature 
distribution in at least the one elongated member ijsing an electromagnetic signal 
provided to at least the one elongated member. 

4063. The method of claim 4051, further con/prising monitoring the applied electrical 
current. 

4064. The method of claim 405 1, further Comprising monitoring a voltage applied to at 
least the one elongated member. 

4065. The method of claim 405 1, furthj^r comprising monitoring a temperature in at 
least the one elongated member with atAeast one thermocouple. 

4066. The method of claim 405 1 , further comprising supporting at least the one 
elongated member on a center suppoh member, wherein the center support member 
comprises openings, wherein providing the oxidizing fluid to at least the one elongated 
member comprises flowing the oxidizing fluid through the openings in the center support 
member. 



4067. The method of claim 405 
one elongated member comprises 



disposed in the opening proxima e to at least the one elongated member. 



, wherein providing the oxidizing fluid to at least the 
flowing the oxidizing fluid through orifices in a tube 



\ 
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4068. The method of claim 405 1 , further comprising electrically coupling a lead-in 
conductor to at least the one elongated member, wherein the leaden conductor comprises 
a low resistance conductor configured to generate substantially/no heat. 

4069. The method of claim 405 1 , further comprising elecmcally coupling a lead-in 
conductor to at least the one elongated member using a c(5ld pin transition conductor. 

4070. The method of claim 405 1, further comprising/electrically couplmg a lead-in 
conductor to at least the one elongated member using a cold pin transition conductor, 
wherein the cold pin transition conductor comprises a substantially low resistance 
insulated conductor. 

407 1 . The method of claim 405 1 , further coi 
the opening, wherein the overburden casing u 
formation. / 

4072. The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein the overburden ca^ng comprises steel. 

4073 . The method of claim 405 1 , f\j 
the opening, wherein the overburden 

4074. The method of claim 405 1, further comprising coupling an overburden casing to 
the opening, wherein a packing material is disposed at a junction of the overburden 
casing and the opening. / 

4075 . The method of claim 405 1 , further comprising coupling an overburden casing to 
the opening, wherein a packing riaterial is disposed at a junction of the overburden 
casing and the opening, and wherein the method further comprises inhibiting a flow of 
fluid between the opening and tl: e overburden casing with the packing material. 



/prising coupling an overburden casing to 
disposed in an overburden of the 



ther comprising coupling an overburden casing to 
basing is disposed in cement. 
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4076. The method of claim 405 1 , further comprising heating at l/ast the portion of the 
formation to substantially pyrolyze at least some of the carbon ynthin the formation. 



o 
o 



4077. An in situ method for heating a hydrocarbon containing formation, comprising: 
5 oxidizing a fuel fluid in a heater; 

providing at least a portion of the oxidized fuel ^uid into a conduit disposed in an 
opening of the formation; 

allowing heat to transfer from the oxidized ^el fluid to a section of the formation; 

and 

10 allowing additional heat to transfer from An electric heater disposed in the opening 

to the section of the formation, wherein heat isyallowed to transfer substantially uniformly 
along a length of the opening. 

4078. The method of claim 4077, wherein providing at least the portion of the oxidized 
15 fuel fluid into the opening comprises flov^^ng the oxidized fuel fluid through a perforated 

conduit disposed in the opening. 

4079. The method of claim 4077, whe/rein providing at least the portion of the oxidized 
fuel fluid into the opening comprises flowing the oxidized fuel fluid through a perforated 

20 conduit disposed in the opening, the pethod further comprising removing an exhaust 
fluid through the opening. 



25 



4080. The method of claim 4077,/further comprising initiating oxidation of the fuel fluid 
in the heater with a flame. 

4081. The method of claim 407/7, further comprising removing the oxidized fuel fluid 
through the conduit. 



4082. The method of claim 4077, further comprising removing the oxidized fuel fluid 
30 through the conduit and providing the removed oxidized fuel fluid to at least one 
additional heater disposed in the formation. 



856 



Conley, Rose & Tayon, P.C. 



4083 . The method of claim 4077, wherein the conduit comprises ah insulator disposed 
on a siu"face of the conduit, the method further comprising tapermg a thickness of the 
insulator such that heat is allowed to transfer substantially uni^rmly along a length of the 
conduit. 

4084. The method of claim 4077, wherein the electric ifeater is an insulated conductor. 

4085. The method of claim 4077, wherein the elec^c heater is a conductor disposed in 
the conduit. 

4086. The method of claim 4077, wherein the ^lectric heater is an elongated conductive 
member. 

4087. The method of claim 4077, wherein ^e hydrocarbon containing formation 
comprises a coal containing formation. 

4088. The method of claim 4077, wherdin the hydrocarbon containing formation 
comprises an oil shale containing formation. 

4089. The method of claim 4077, wherein the hydrocarbon containing formation 
comprises a heavy oil and/or tar coiuaining permeable formation. 

4090. The method of claim 4077/ wherein the hydrocarbon containing formation 
comprises a heavy oil and/or tar containing impermeable formation. 

4091 . A system configured to neat a hydrocarbon containing formation, comprising: 
one or more heat sources disposed within one or more open wellbores in the 

formation, wherein the one orjmore heat sources are configured to provide heat to at least 
a portion of the formation dunng use; and 
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wherein the system is configured to allow heat to transfe/ from the one or more 
heat sources to a selected section of the formation during use. / 

4092. The system of claim 4091, wherein the one or more/heat sources comprise at least 
two heat sources, and wherein superposition of heat fronv/at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

4093 . The system of claim 409 1 , wherein the one or more heat sources comprise 
electrical heaters. / 

4094. The system of claim 4091, wherein the ©ne or more heat sources comprise surface 
bumers. / 

4095. The system of claim 4091 , wherein the one or more heat sources comprise 
flameless distributed combustors. / 

4096. The system of claim 409 1 , wherein the one or more heat sources comprise natural 
distributed combustors. 

4097. The system of claim 409 1 , 
diameter of at least approximately 

4098. The system of claim 4091/ further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation/ 

4099. The system of claim 4691 , further comprismg an overburden casing coupled to at 
least one of the one or more dpen wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein the overburden casing comprises steel. 



lerein the one or more open wellbores comprise a 
cm. 
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4 1 00. The system of claim 409 1 , further comprising an overburde^ casing coupled to at 
least one of the one or more open wellbores, wherein the overburiden casing is disposed in 
an overburden of the formation, and wherein the overburden c^ing is further disposed in 
cement. 

4101. The system of claim 409 1 , further comprising an o(^erburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, and wherein a packing/material is disposed at a junction 
of the overburden casing and the at least one of the orfe or more open wellbores. 

4102. The system of claim 4091, further comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a pacUng material is disposed at a junction of 
the overburden casing and the at least one of tne one or more open wellbores, and 
wherein the packing material is configured id substantially inhibit a flow of fluid between 
at least one of the one or more open wellbo/es and the overburden casing during use. 

4103. The system of claim 4091, furthey comprising an overburden casing coupled to at 
least one of the one or more open wellbores, wherein the overburden casing is disposed in 
an overburden of the formation, wherein a packing material is disposed at a junction of 
the overburden casing and the at least one of the one or more open wellbores, and 
wherein the packing material comprisres cement. 

4 1 04. The system of claim 409 1 , vJherein the system is further configured to transfer 
heat such that the transferred heat c^ pyrolyze at least some hydrocarbons in the selected 
section. 



4105. The system of claim 409 1 
the one or more heat sources 
the selected section of the formation 



further comprising a valve coupled to at least one of 
configured to control pressure within at least a majority of 
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4106. The system of claim 4091, further comprising a valve coupled to a production 
well configured to control a pressure within at least a majority of thcyselected section of 
the formation. 



4107. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion of the 

formation, wherein the one or more heat sources are disp/Ssed within one or more open 
wellbores in the formation; 

allowing the heat to transfer from the one or v^ovc heat sources to a selected 
section of the formation; and 

producing a mixture from the formation. 

4108. The method of claim 4107, wherein theyone or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbor^ within the selected section of the 
formation. 

4109. The method of claim 4107, wher^n controlling formation conditions comprises 
maintaining a temperatxire within the sepcted section within a pyrolysis temperature 
range with a lower pyrolysis temperati^e of about 250 ^'C and an upper pyrolysis 
temperature of about 400 °C. 

4110. The method of claim 4107, ^herein the one or more heat sources comprise 
electrical heaters. 



4111. The method of claim 4107, wherein the one or more heat sources comprise 
surface burners. 

4112. The method of claim 4107, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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4113. The method of claun 4 1 07, wherein the one or more heaj sources comprise natural 
distributed combustors. 

4114. The method of claim 4107, wherein the one or mo/e heat sources are suspended 
within the one or more open wellbores. 

4115. The method of claim 4107, wherein a tube is/ldisposed in at least one of the one or 
more open wellbores proximate to heat source, tho^method further comprising flowing a 
substantially constant amount a fluid into at leasy one of the one or more open wellbores 
through critical flow orifices in the tube. 

4116. The method of claim 4107, wherein a( perforated tube is disposed in at least one of 
the one or more open wellbores proximate io the heat source, the method further 
comprising flowing a corrosion inhibitin^fluid into at least one of the open wellbores 
through the perforated tube. 

4117. The method of claim 4107, fii^her comprising coupling an overburden casing to 
at least one of the one or more open )^ellbores, wherein the overburden casing is disposed 
in an overburden of the formation. 

4118. The method of claim 41 07/, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overburden casing is disposed 
in an overburden of the formation, and wherein the overburden casing comprise steel. 



4119. The method of claim 4l07, further comprising coupling an overburden casing to 
at least one of the one or morel open wellbores, wherein the overburden casing is disposed 
in an overburden of the forma ion, and wherein the overburden casing is further disposed 



m cement. 
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4120. The method of claim 4 1 07, further comprising coupling an overburden casing to 
at least one of the one or more open wellbores, wherein the overbiurden casing is disposed 
in an overburden of the formation, and wherein a packing maternal is disposed at a 
junction of the overburden casing and the at least one of the one or more open wellbores. 

4121. The method of claim 4 1 07, further comprising coi/pling an overburden casing to 
at least one of the one or more open wellbores, wherein/the overburden casing is disposed 
in an overburden of the formation, and wherein the nipthod further comprises inhibiting a 
flow of fluid between the at least one of the one or more open wellbores and the 
overburden casing with a packing material. / 

4122. The method of claim 4107, further comprising heating at least the portion of the 
foraiation to substantially pyrolyze at least sorne of the carbon within the formation. 

4123. The method of claim 4107, fiirther comprising controlling a pressure and a 
temperature within at least a majority of the/selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. / 

4124. The method of claim 4107, furtl^r comprising controlling a pressure with the 
wellbore. 

4125. The method of claim 4 1 07, fui 
least a majority of the Selected sectior 
one of the one or more heat sources./ 

4126. The method of claim 4107, liirther comprising controlling a pressure within at 
least a majority of the selected section of the formation with a valve coupled to a 
production well located in the form ition. 



ler comprising controlling a pressure within at 
of the formation with a valve coupled to at least 
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4127. The method of claim 4 1 07, further comprising controlling the heat such that an 
average heatmg rate of the selected section is less than aboutyl "^C per day during 
pyrolysis. 

5 4128. The method of claim 4107, wherein providing heat from the one or more heat 
sources to at least the portion of formation comprises^ 

heating a selected volume {V)of the hydrocarbon containing formation from the 
one or more heat sources, v^herein the formation Mas an average heat capacity(Cv), and 
wherein the heating pyrolyzes at least some hy^ocarbons within the selected volume of 
10 the formation; and 

wherein heating energy/day provide^ to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equationji 

wherein Pwr is the heating eneriy/day, his an average heating rate of the 
15 formation, ps is formation bulk densi^, and wherein the heating rate is less than about 10 
°C/day. 



20 



4129. The method of claim 4107/ wherein allov^ng the heat to transfer from the one or 
more heat sources to the selectecy section comprises transferring heat substantially by 
conduction. 

4130. The method of claim 4107, wherein providing heat from the one or more heat 
sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

4131. The method of claidi 4 1 07, wherein the produced mixture comprises condensable 
hydrocarbons having an A gravity of at least about 25°. 

4132. The method of clai n 4107, wherein the produced mixture comprises condensable 
30 hydrocarbons, and whereiii about 0. 1 % by weight to about 1 5 % by weight of the 

condensable hydrocarbons are olefins. 



25 
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4133. The method of claim 4107, wherein the produced mixture comrmses non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to emane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. / 



4134. The method of claim 4 1 07~ wherein the produced mixlifre comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by wei^t to about 15 % by weight 
of the non-condensable hydrocarbons are olefins. 

4135. The method of claim 4107, wherein the produce^ mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by we^ht, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4136. The method of claim 4 1 07, wherein the pr<&duced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % l^ly weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygy 

4137. The method of claim 4107, wherein tMe produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight/to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing^ompounds, and wherein the oxygen 
containing compounds comprise phenols. 

4138. The method of claim 4107, whe/ein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

4139. The method of claim 4107, Wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater man about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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4140. The method of claim 4107, wherein the produced mixture comjirjses condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two mngs. 

4141. The method of claun 4 1 07, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight 9a the condensable 
hydrocarbons are asphaltenes. 

4 1 42 . The method of claim 4107, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to ab/ut 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4143. The method of claim 4107, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
and wherein the hydrogen is greater than about/lO % by volume of the non-condensable 
component and wherein the hydrogen is less t)ian about 80 % by volume of the non- 
condensable component. 

4 144. The method of claim 4 1 07, whereinf the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by/weight of the produced mixture is ammonia. 

4145. The method of claim 4107, wherpin the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 



4 1 46. The method of claim 4 1 07, fiirther comprising controlling a pressure Mdthin at 



least a majority of the selected sectior 



4 1 47. The method of claim 4 1 07, 
least a majority of the selected sectioji 
is at least about 2.0 bar absolute 



of the formation. 



fuhher comprising controlling a pressure within at 
of the formation, wherein the controlled pressure 
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4148. The method of claim 4107, further comprising controlling foraiation conditions 
such that the produced mixture comprises a partial pressure of H2 within the mixture 
greater than about 0.5 bar. / 



4149. The method of claim 4148, wherein the partial pressu^ of H2 is measured when 
the mixture is at a production well. 

4150. The method of claim 4 1 07, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

4151. The method of claim 4 1 07, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons ^m the formation having carbon 
numbers greater than about 25. 

4152. The method of claim 4107, further con^rising: 
providing hydrogen (H2) to the heated ^ection to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 

41 53. The method of claim 4107, wherein the produced mixture comprises hydrogen 
and condensable hydrocarbons, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



41 54. The method of claim 4107, wherein allowing the heat to transfer comprises 
increasing a permeability of a majority cpf the selected section to greater than about 100 
millidarcy. 



4155. The method of claim 41 07, wherein 
substantially uniformly increasing a pejmn 



allowing the heat to transfer comprises 
eability of a majority of the selected section. 
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4156. The method of claim 4 1 07, further comprising coni 
than about 60 % by weight of condensable hydrocarbons J 
Assay. / 



)lling the heat to yield greater 
measured by the Fischer 



4157. The method of claim 4107, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at lept about 7 heat sources are disposed in 
the formation for the production well. 

4158. The method of claim 4107, further com|)rising providing heat from three or more 
heat sources to at least a portion of the formanon, wherein three or more of the heat 
sources are located in the formation in a uni/of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4159. The method of claim 4107, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern/ and wherein a plurality of the units are repeated 
oyer an area of the formation to form/a repetitive pattem of units. 



4 1 60. The method of claim 4 1 07, 
into a gas stream and a liquid strea 



ler comprising separating the produced mixture 



4161 . The method of claim 41 OA further comprising separating the produced mixture 
into a gas stream and a liquid strqam and separating the liquid stream into an aqueous 
stream and a non-aqueous strea 



4162. The method of claim 4107, wherein the produced mixture comprises H2S, the 
method further comprising sepa ating a portion of the H2S from non-condensable 
hydrocarbons. 
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4 1 63 . The method of claim 4 1 07, wherein the produced mixture comprises CO2, the 
method further comprising separating a portion of the CO2 fromjaon-condensable 
hydrocarbons. 

4164. The method of claim 4107, wherein the mixture is Produced from a production 
well, wherein the heating is controlled such that the mix^e can be produced from the 
formation as a vapor. 

4165. The method of claim 4107, wherein the mixtdre is produced from a production 
well, the method further comprising heating a welpore of the production well to inhibit 
condensation of the mixture within the wellbore. 

4166. The method of claim 4107, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the formation adjacent to the wellbore,/and further comprising heating the formation 
with the heater element to produce the mixture, wherein the mixture comprises a large 
non-condensable hydrocarbon gas component and H2. 

4167. The method of claim 4107, whe/ein the selected section is heated to a minimum 
pyrolysis temperature of about 270 °C/ 

4168. The method of claim 4107, fi/rther comprising maintaining the pressure within the 
formation above about 2.0 bar absoljhte to inhibit production of fluids having carbon 
numbers above 25. 



4169. The method of claim 4107 
formation in a range from about 
wellhead of a production well, to 
the produced mixture, wherein thk 
condensable hydrocarbons, and m 
of non-condensable hydrocarbon; 



further comprising controlling pressure within the 
atmospheric pressure to about 100 bar, as measured at a 
ontrol an amount of condensable hydrocarbons within 
pressure is reduced to increase production of 
lerein the pressure is increased to increase production 
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4 1 70. The method of claun 4 1 07, further comprising conM)lling pressure within the 
formation in a range from about atmospheric pressure to afcout 100 bar, as measured at a 
wellhead of a production well, to control an API gravity of condensable hydrocarbons 
within the produced mixture, wherein the pressure is reduced to decrease the API gravity, 
and wherein the pressure is increased to reduce the API gravity. 

4171. A mixture produced from a portion of a ^drocarbon containing formation, the 
mixture comprising: 

an olefin content of less than about 10^^ by weight; and 
an average carbon number less than^about 35. 

41 72. The mixture of claim 4171 , furth/r comprising an average carbon number less 
than about 30. 

4173. The mixture of claim 4171, fisher comprising an average carbon number less 
than about 25. 

4 1 74. The mixture of claim 4 1 7 ¥, fiirther comprising: 
non-condensable hydroc^bons comprising hydrocarbons having carbon numbers 

of less than 5; and 

wherein a weight ratio bf the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 



4175. The mixture of claini 4171, fiirther comprising condensable hydrocarbons, 
wherein less than about 1 by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is nitrogen, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is oxygen, and wherein 
less than about 1 % by weight, when calculated on an atomic basis, of the condensable 
hydrocarbons is sulfiir. 
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4176. The mixture of claim 4171, further comprising ammonia, wMerein greater than 
about 0.05 % by weight of the produced mixture is ammonia. / 

4 1 77. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein an olefin content of the condensable hydrocarbons /s greater than about 0.1 % by 
weight of the condensable hydrocarbons, and wherein the/olefin content of the 
condensable hydrocarbons is less than about 15 % by weight of the condensable 
hydrocarbons. / 

4178. The mixture of claim 4171, further comprising condensable hydrocarbons, 
wherein less than about 15 % by weight of the c^(ndensable hydrocarbons have a carbon 
number greater than about 25 . / 

4 1 79. The condensable hydrocarbons of clafim 4178, wherein less than about 1 % by 
weight, when calculated on an atomic basis( of the condensable hydrocarbons is nitrogen, 
wherein less than about 1 % by weight, wtten calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen, andf wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4 1 80. The mixture of claim 4 1 77, further comprising condensable hydrocarbons, 
wherein greater than about 20 % by Weight of the condensable hydrocarbons are aromatic 
compounds. / 

4181. The mixture of claim 4171, further comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio of the hydrocarbons having carbon number 
from 2 through 4, to methane, in tl le mixture is greater than approximately 1 ; 

wherein the non-condensa 3le hydrocarbons further comprise H2, wherein greater 
than about 15 % by weight of the non-condensable hydrocarbons comprises H2; and 

condensable hydrocarbons, comprising: 
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oxygenated hydrocarbons, wherein greater tMan about 1.5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 

4182. The mixture of claim 4171, further comprising: 

condensable hydrocarbons, wherein less tnan about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; / 

wherein the condensable hydrocarbons further comprise: 

oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; and 

aromatic compounds, wherein greater than about 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising H2, wherein greater than about 15 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4183. The mixture of claim 4171,/further comprising a condensable mixture, 
comprising: / 

olefins, wherein about 0.l/% by weight to about 15 % by weight of the 
condensable mixture comprises olefins; and 

asphaltenes, wherein less than about 0.1 % by weight of the condensable mixture 
comprises asphaltenes. / 

4184. The condensable mixture of claim 4183, further comprising, oxygenated 
hydrocarbons, wherein less tnan about 15 % by weight of the condensable mixture 
comprises oxygenated hydro( arbons; 

4185. The mixture of claim H 1 7 1 , further comprising a condensable mixture, 
comprising: \ 
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olefins, wherein about 0.1 % by weight to about 2 % by weigjat of the 
condensable mixture comprises olefins; and 

multi-ring aromatics, wherein less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings. 

41 86. The condensable mixture of claim 41 84, further comprising oxygenated 
hydrocarbons, wherein greater than about 25 % by weiglit of the condensable mixture 
comprises oxygenated hydrocarbons. 

4187. The mixture of claim 4171, further comprising: 
non-condensable hydrocarbons, wherein me non-condensable hydrocarbons 

comprise H2, wherein greater than about 10 % ^y weight of the non-condensable 
hydrocarbons comprises H2; 

ammonia, wherein greater than about/0.5 % by weight of the mixture comprises 
ammonia; and 

hydrocarbons, wherein a weight ra^o of hydrocarbons having greater than about 2 
carbon atoms, to methane, is greater than about 0.4. 

4188. A mixture produced from a portipn of a hydrocarbon containing formation, the 
mixture, comprising: 

non-condensable hydrocarbons/comprising hydrocarbons having carbon nimibers 
of less than 5; and 

wherein a weight ratio of the hydrocarbons having carbon numbers from 2 
through 4, to methane, in the mixture is greater than approximately 1 . 



4189. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein about 0.1 % by weight to a|)out 15 % by weight of the condensable hydrocarbons 
are olefins. 



4190. The mixture of claim 4175, 



vherein a molar ratio of ethene to ethane in the non- 



condensable hydrocarbons ranges from about 0.001 to about 0.15 



872 



Conley, Rose & Tayon, P C. 



4191. The mixture of claim 4175, further comprising condmsable hydrocarbons, 
wherein less than about 1 % by weight, when calculated oj/i an atomic basis, of the 
condensable hydrocarbons is nitrogen. 

4192. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 1 % by weight, when calculated on an atomic basis, of the 
condensable hydrocarbons is oxygen. 

4193. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein about 5 % by weight to about 30 Wby weight of the condensable hydrocarbons 
comprise oxygen containing compounds, pd wherein the oxygen containing compounds 
comprise phenols. 

4 1 94. The mixture of claim 41 75, fUyther comprising condensable hydrocarbons, 
wherein less than about 1 % by weigpt, when calculated on an atomic basis, of the 
condensable hydrocarbons is sulfury 

4 1 95 . The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein greater than about 20 /^by weight of the condensable hydrocarbons are aromatic 
compounds. 

4196. The mixture of claim 4 175, further comprising condensable hydrocarbons, 
wherein less than about 5 % by weight of the condensable hydrocarbons comprises multi- 
ring aromatics with more than two rings. 

4197. The mixture of claim 4175, further comprising condensable hydrocarbons, 
wherein less than about 0.^ % by weight of the condensable hydrocarbons are 
asphaltenes. 
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4198. The mixture of claim 4175, further comprising condensablfe hydrocarbons, 
wherein about 5 % by weight to about 30 % by weight of the cojidensable hydrocarbons 
comprise cycloalkanes. 

4199. The mixture of claim 4175, wherein the non-condensable hydrocarbons further 
comprises hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, and wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hydrocarbons. 

4200. The mixture of claim 4175, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. 

4201 . The mixture of claim 4175, further cqmprising ammonia, wherein the ammonia is 
used to produce fertilizer. 

4202. The mixture of claim 4175, furthOT comprising condensable hydrocarbons, 
wherein less than about 15 weight % ofyihe condensable hydrocarbons have a carbon 
number greater than approximately 25^ 

4203. The mixture of claim 4175, fiUrther comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise olefins, and wherein about 0,1 % to 
about 5 % by weight of the condensable hydrocarbons comprises olefins. 

4204. The mixture of claim 41 75, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprises olefins, and wherein about 0.1 % to 
about 2.5 % by weight of the condensable hydrocarbons comprises olefins. 



4205. The mixture of claim ftl 75, further comprising condensable hydrocarbons, 
wherein the condensable hydrocarbons comprise oxygenated hydrocarbons, and wherein 
greater than about 5 % by weight of the condensable hydrocarbons comprises oxygenated 
hydrocarbons. 
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4206. The mixture of claim 4175, further comprising non-conde/able hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and w4rein greater than about 
5 % by weight of the non-condensable hydrocarbons compn^s H2. 

4207. The mixture of claim 4175, further comprising n6n-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprised, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4208. The mixture of claim 4175, wherein a wight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greatfer than about 0.3. 

4209. A mixture produced from a portion /fa hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio oykydrocarbons having carbon numbers from 2 
through 4, to methane, is greater than alpproximately 1; and 

condensable hydrocarbons comprising oxygenated hydrocarbons, wherein greater 
than about 5 % by weight of the co/densable component comprises oxygenated 
hydrocarbons. 

4210. The mixture of claim 42^9, wherem about 0.1 % by weight to about 15 % by 
weight of the condensable hydflbcarbons are olefins. 

42 1 1 . The mixture of claim 4209, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons r^ges from about 0.001 to about 0.15. 

42 12. The mixture of claiJi 4209, wherein less than about 1 % by weight, when 
calculated on an atomic balls, of the condensable hydrocarbons is nitrogen. 
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4213. The mixture of claim 4209, wherein less than about l/% by weight, when 
calculated on an atomic basis, of the condensable hydrocarj/ons is oxygen. 

4214. The mixture of claim 4209, wherein less than abbut 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is sulfur. 

4215. The mixture of claim 4209, wherein about/5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

42 1 6. The mixture of claim 4209, whereirf greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

421 7. The mixture of claim 4209, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

421 8. The mixture of claim 4209, Avherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asmaltenes. 

42 1 9. The mixture of claim 4269, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4220. The mixture of claim /l209, wherein the non-condensable hydrocarbons comprises 
hydrogen, wherein the hydrogen is greater than about 10 % by volume of the non- 
condensable hydrocarbons,/and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. 



4221 . The mixture of cldim 4209, wherein the produced mixture comprises ammonia, 



and wherein greater than 



about 0.05 % by weight of the produced mixture is ammonia. 
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4222. The mixture of claim 4209, wherein the produced mixture comprise! 
and wherein the ammonia is used to produce fertilizer. / 



ammonia. 



4223. The mixture of claim 4209, wherein less than about 5 weight jA of the 
condensable hydrocarbons in the mixture have a carbon number greater than 
approximately 25. / 

4224. The mixture of claim 4209, wherein the condensableyhydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. / 

4225. The mixture of claim 4209, wherein the condemsable hydrocarbons further 
comprise olefms, and wherein about 0.1 % to about 2(5 % by weight of the condensable 
hydrocarbons comprises olefins. / 

4226. The mixture of claim 4209, wherein the n6n-condensable hydrocarbons further 
comprise H2, wherein greater than about 5 % by/weight of the mixture comprises H2. 

4227. The mixture of claim 4209, wherein thfe non-condensable hydrocarbons further 
comprise H2, wherein greater than about 15 yo by weight of the mixture comprises H2. 

4228. The mixture of claim 4209, whereifl a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, isigreater than about 0.3. 

4229. A mixture produced fi-om a portion of a hydrocarbon containing formation, the 
mixture comprising: / 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers fi"om 2 
through 4, to methane, is greater than approximately 1 ; 

condensable hydrocarbons; 
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wherein less than about 1 % by weight, when calculated op an atomic basis, of the 
condensable hydrocarbons comprises nitrogen; 

wherein less than about 1 % by weight, when calcula^d on an atomic basis, of the 
condensable hydrocarbons comprises oxygen; and 

wherein less than about 1 % by weight, when cal9{ilated on an atomic basis, of the 
condensable hydrocarbons comprises sulfur. 

4230. The mixture of claim 4229, further comprising ammonia, wherein greater than 
about 0.05 % by weight of the produced mixture Ls anmionia. 

423 1 . The mixture of claim 4229, wherein les/s than about 5 weight % of the 
condensable hydrocarbons have a carbon number greater than approximately 25. 

4232. The mixture of claim 4229, wherem the condensable hydrocarbons comprise 
olefins, and wherein about 0. 1 % by wei§(ht to about 15 % by weight of the condensable 
hydrocarbons are olefins. 

4233. The mixture of claim 4229, wl{erein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4234. The mixture of claim 4229ywherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4235. The mixture of claim 42E9, wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 



4236. The mixture of claim 
condensable hydrocarbons composes 



^229, wherein less than about 5 % by weight of the 

multi-ring aromatics with more than two rings. 
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4237. The mixture of claim 4229, wherein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. / 

4238. The mixture of claim 4229, wherein about 5 % by weighyto about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. / 

4239. The mixture of claim 4229, wherein the non-condensable hydrocarbons comprises 
hydrogen, and wherein the hydrogen is greater than about A 0 % by volume of the non- 
condensable hydrocarbons and wherein the hydrogen is less than about 80 % by volume 
of the non-condensable hydrocarbons. / 

4240. The mixture of claim 4229, further comprisirig ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixtiife is ammonia. 

4241 . The mixture of claim 4229, further composing ammonia, and wherein the 
ammonia is used to produce fertilizer. / 

4242. The mixture of claim 4229, wherein thfe condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 5 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 

4243. The mixture of claim 4229, wherelin the non-condensable hydrocarbons comprise 
H2, and wherein greater than about 5 % by weight of the non-condensable hydrocarbons 
comprises H2. / 

4244. The mixture of claim 4229, wnerein the non-condensable hydrocarbons comprise 
H2, and wherein greater than about 13 % by weight of the mixture comprises H2. 

4245. The mixture of claim 4229, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater, than about 0.3. 
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4246. A mixture produced from a portion of a hydrocarbon contairyng formation, the 
mixture comprising: 

non-condensable hydrocarbons comprising hydrocarbons/having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having ^arbon numbers from 2 
through 4, to methane, is greater than approximately 1; 

ammonia, wherein greater than about 0.5 % by wei^t of the mixture comprises 
ammonia; and 

condensable hydrocarbons comprising oxygenate/B hydrocarbons, wherein greater 
than about 5 % by weight of the condensable hydrocarj/ons comprises oxygenated 
hydrocarbons. 

4247. The mixture of claim 4246, wherein the coi^densable hydrocarbons ftirther 
comprise olefins, and wherein about 0. 1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4248. The mixture of claim 4246, wherein th^ non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4249. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 



4250. The mixture of claim 4246, wnerein the condensable hydrocarbons further 
comprise oxygen, and wherein less tman about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

425 1 . The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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4252. The mixture of claim 4246, wherein the condensable hydrocart)ons further 
comprise oxygen containing compoimds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compoimds, and 
wherein the oxygen containing compounds comprise phenolsy/ 

4253. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater thanr about 20 % by weight of the 
condensable hydrocarbons are aromatic compoimds. / 

4254. The mixture of claim 4246, wherein the condensable hydrocarbons further 
comprise multi-aromatic rings, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises muUi-ringyaromatics with more than two rings. 

4255. The mixture of claim 4246, wherein tMe condensable hydrocarbons further 
comprise asphaltenes, and wherein less thaiyabout 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

4256. The mixture of claim 4246, wherfein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein ab<&ut 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloallcanes. 

4257. The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise hydrogen, wherein the hydrogen is greater than about 10 % by volume of the 
non-condensable hydrocarbons, ana wherein the hydrogen is less than about 80 % by 
volume of the non-condensable hvdrocarbons. 

4258. The mixture of claim 4245, wherein the produced mixture further comprises 
ammonia, and wherein greater thkn about 0.05 % by weight of the produced mixture is 
ammonia. 
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4259. The mixture of claim 4246, wherein the produced mixture tmper compnses 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4260. The mixture of claim 4246, wherein the condensable hydrocarbons comprise 
hydrocarbons having a carbon number of greater than approxnnately 25, and wherein less 
than about 1 5 weight % of the hydrocarbons in the mixture^ave a carbon number greater 
than approximately 25. 

4261 . The mixture of claim 4246, wherein the non-condensable hydrocarbons further 
comprise H2, and wherein greater than about 5 % by weight of the mixture comprises H2. 

4262. The mixture of claim 4246, wherem the ribn-condensable hydrocarbons further 
comprise H2, and wherein greater than about 17% by weight of the mixture comprises 
H2. 

4263. The mixture of claim 4246, wherein^ the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of greater than 2, wherein a weight ratio 
of hydrocarbons having carbon numbers^eater than 2, to methane, is greater than about 
0.3. 

4264. A mixture produced from a pgrtion of a hydrocarbon containing formation, the 
mixture comprising: 

non-condensable hydrocarbdlns comprising hydrocarbons having carbon numbers 
of less than 5, wherein a weight ratio of hydrocarbons having carbon numbers from 2 
through 4, to methane, is greater tman approximately 1 ; and 

condensable hydrocarbons comprising olefins, wherein less than about 10 % by 
weight of the condensable hydrocarbons comprises olefins. 



4265. The mixture of claim 4264, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, anc i wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4266. The mixture of claim 4264, wherein the condensable hyjirocarbons further 
comprise nitrogen, and wherein less than about 1 % by weigh^ when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

5 / 

4267. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % b weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

10 4268. The mixture of claim 4264, wherein the obndensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 jA by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 



4269. The mixture of claim 4264, whereirf the condensable hydrocarbons further 

15 comprise oxygen containing compounds, Xvherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbon^comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4270. The mixture of claim 4264, Wherein the condensable hydrocarbons further 

20 comprise aromatic compounds, ancy wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

427 1 . The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics,/and wherein less than about 5 % by weight of the 

25 condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 



30 



4272. The mixture of claim/4264, wherein the condensable hydrocarbons further 
comprise aspheiltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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4273. The mixture of claim 4264, wherein the condensable hydrocarbonsyfurther 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % Ky weight of the 
condensable hydrocarbons are cycloalkanes. / 

4274. The mixture of claim 4264, wherein the non-condensable hvurocarbons further 
comprise hydrogen, and wherein the hydrogen is greater than abont 10 % by volume of 
the non-condensable hydrocarbons and wherein the hydrogen is/less than about 80 % by 
volume of the non-condensable hydrocarbons. / 

4275. The mixture of claim 4264, wherein the produced mixture further comprises 
ammonia, and wherein greater than about 0.05 % by wei^t of the produced mixture is 
ammonia. / 

4276. The mixture of claim 4264, wherein the produced mixture further comprises 
ammonia, and wherein the ammonia is used to produce fertilizer. 

4277. The mixture of claim 4264, wherein the condensable hydrocarbons further 
comprise hydrocarbons having a carbon number/of greater than approximately 25, and 
wherein less than about 1 5 % by weight of the hydrocarbons have a carbon number 
greater than approximately 25. / 

4278. The mixture of claim 4264, wherein about 0. 1 % to about 5 % by weight of the 
condensable component comprises olefins. / 

4279. The mixture of claim 4264, wherem about 0.1% to about 2 % by weight of the 
condensable component comprises olefini. 



4280. The mixture of claim 4264, wheifein the condensable hydrocarbons further 
comprise oxygenated hydrocarbons, anc wherein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 
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428 1 . The mixture of claim 4264, wherein the condensable hydrocarbOTis further 
comprise oxygenated hydrocarbons, and wherein greater than about 2^% by weight of 
the condensable component comprises oxygenated hydrocarbons. / 

4282. The mixture of claim 4264, wherein the non-condensable^hydrocarbons further 
comprise H2, and wherein greater than about 5 % by weight ofihe non-condensable 
hydrocarbons comprises H2. / 

4283. The mixture of claim 4264, wherein the non-condpisable hydrocarbons further 
comprise H2, and wherein greater than about 15 % by weight of the non-condensable 
hydrocarbons comprises H2. / 

4284. The mixture of claim 4264, wherein a weight ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater than about 0.3. 

4285. A mixture produced from a portion of a/hydrocarbon containing formation, 
comprising: / 

condensable hydrocarbons, wherein less than about 1 5 weight % of the 
condensable hydrocarbons have a carbon number greater than 25; and 

wherein the condensable hydrocayoons comprise oxygenated hydrocarbons, and 
wherein greater than about 5 % by weight of the condensable hydrocarbons comprises 
oxygenated hydrocarbons. / 

4286. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1. 

4287. The mixture of claim 4z85, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

885 Conley, Rose & Tayon, P.C. 
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4288. The mixture of claim 4285, further comprising non-condensablcyhydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to about 0.15. / 

4289. The mixture of claim 4285, wherein the condensable hwocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. / 

4290. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

4291 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about l%py weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4292. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

4293. The mixture of claim 4285, whe/ein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4294. The mixture of claim 4285, therein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 
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4295. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by w^ght of the condensable 
hydrocarbons are asphaltenes. 

4296. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weimt to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4297. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than about 10 % by volume of the non-condensable hydrocarbons and 
wherein the hydrogen is less than about 80 y/by volume of the non-condensable 
hydrocarbons. 

4298. The mixture of claim 4285, furthefr comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

.4299. The mixture of claim 4285, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4300. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and wherein Ikss than about 10 % by weight of the condensable 
hydrocarbons comprises olefms. 

430 1 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and wherdn about 0.1 % to about 5 % by weight of the condensable 
hydrocarbons comprises olefins. 



4302. The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises olefins, and whirein about 0.1 % to about 2 % by weight of the condensable 
hydrocarbons comprises olefins. 
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4303 . The mixture of claim 4285, wherein the condensable hydrocarbons further 
comprises oxygenated hydrocarbons, and wherein greater than abouyS % by weight of 
the condensable hydrocarbons comprises the oxygenated hydrocarbon. 

4304. The mixture of claim 4285, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, whei^in greater than about 5 % 
by weight of the non-condensable hydrocarbons comprises H2. 

4305. The mixture of claim 4285, further comprising norf-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Hi, wherein greater than about 15 
% by weight of the non-condensable hydrocarbons coirfprises H2. 

4306. The mixture of claim 4285, wherein a weigh/ratio of hydrocarbons having greater 
than about 2 carbon atoms, to methane, is greater tWan about 0.3. 

4307. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: / 

condensable hydrocarbons, wherein le^ than about 15 % by weight of the 
condensable hydrocarbons have a carbon number greater than about 25; 

wherein less than about 1 % by weirfit of the condensable hydrocarbons, when 
calculated on an atomic basis, is nitrogen; / 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is oxygen; and 

wherein less than about 1 % by weight of the condensable hydrocarbons, when 
calculated on an atomic basis, is sulfur./ 

4308. The mixture of claim 4307, fiJther comprising non-condensable hydrocarbons, 
wherein the non-condensable component comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methai lc, is greater than approximately 1 . 
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4309. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % by weight to about/l5 % by weight of the 
condensable hydrocarbons are olefins. / 

4310. The mixture of claim 4307, further comprising npn-condensable hydrocarbons, 
and wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons 
ranges from about 0.00 1 to about 0.15. / 

43 1 1 . The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

43 12. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greater than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

43 1 3. The mixture of claim 4307, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wlierein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4314. The mixture of claim 4307/ wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherem less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. / 

43 1 5. The mixture of claim 4i07, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wfterein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 
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43 16. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
and wherein the non-condensable hydrocarbons comprise hydrogen, and wherein greater 
than about 10 % by volume and less than about 80 % by volume of the^on-condensable 
component comprises hydrogen. 

43 1 7. The mixture of claim 4307, further comprising ammonia,>4nd wherein greater 
than about 0.05 % by weight of the produced mixture is ammocfia. 



43 1 8. The mixture of claim 4307, further comprising j 
ammonia is used to produce fertilizer. 



Dnia, and wherein the 



43 1 9. The mixture of claim 4307, wherein the condensable component further 
comprises olefins, and wherein about 0.1 % to about 5/% by weight of the condensable 
component comprises olefins. 

4320. The mixture of claim 4307, wherein the coti(densable component flirther 
comprises olefins, and wherein about 0.1 % to ab^ut 2.5 % by weight of the condensable 
component comprises olefins. 

4321. The mixture of claim 4307, wherein th^ condensable hydrocarbons further 
comprise oxygenated hydrocarbons, and whejfein greater than about 5 % by weight of the 
condensable hydrocarbons comprises oxygemated hydrocarbons. 

4322. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 



4323. The mixture of claim 4307, further comprising non-condensable hydrocarbons, 



wherein the non-condensable hydrocarb^ 
15 % by weight of the non-condensable 



ns comprise H2, and wherein greater than about 
lydrocarbons comprises H2. 
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4324. The mixture of claim 4307, further comprising non-condensaMe hydrocarbons, 
wherein a weight ratio of compounds within the non-condensable hydrocarbons having 
greater than about 2 carbon atoms, to methane, is greater than abmt 0.3. 



4325. A mixture produced from a portion of a hydrocarbon jeontaining formation, 
comprising: 

condensable hydrocarbons, wherein less than aboiA 1 5 % by weight of the 
condensable hydrocarbons have a carbon number greater than 20; and 

wherein the condensable hydrocarbons comprise olefins, wherein an olefin 
content of the condensable component is less than a^out 10 % by weight of the 
condensable component. 

4326. The mixture of claim 4325, further compfising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4327. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 yo by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

4328. The mixture of claim 4325, fiirlfher comprising non-condensable hydrocarbons, 
and wherein a molar ratio of ethene ta ethane in the non-condensable hydrocarbons 
ranges from about 0.001 to about 0.16. 

4329. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 
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4330. The mixture of claim 4325, wherein the condensable hydrocarbons fiirther 
comprise oxygen, and wherein less than about 1 % by weight, when calci^ted on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

433 1 . The mixture of claim 4325, wherein the condensable hydrocpbons further 
comprise sulfur, and wherein less than about 1 % by weight, whei/calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 

4332. The mixture of claim 4325, wherein the condensable liydrocarbons, wherein about 
5 % by weight to about 30 % by weight of the condensable/nydrocarbons comprise 
oxygen containing compounds, and wherein the oxygen 90ntaining compounds comprise 
phenols. 

4333. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise aromatic compounds, and wherein greate/ than about 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4334. The mixture of claim 4325, wherein the/condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-nng aromatics with more than two rings. 

4335. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less tlpi about 0.3 % by weight of the condensable 
hydrocarbons are asphahenes. 



4336. The mixture of claim 4325, wherein the condensable hydrocarbons further 
comprise cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4337. The mixture of claim 4325, father 
wherein the non-condensable hydroc 



comprising non-condensable hydrocarbons, 
arbons comprises hydrogen, and wherein the 
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hydrogen is about 10 % by volume to about 80 % by volume of the nori-condensable 
hydrocarbons. / 

4338. The mixture of claim 4325, further comprising ammoniay\vherein greater than 
about 0.05 % by weight of the produced mixture is ammonia. / 

4339. The mixture of claim 4325, further comprising amn/onia, and wherein the 
ammonia is used to produce fertilizer. / 

4340. The mixture of claim 4325, wherein about 0. 1 //o to about 5 % by weight of the 
condensable component comprises olefins. / 

434 1 . The mixture of claim 4325, wherein about 0. 1 % to about 2 % by weight of the 
condensable component comprises olefins. / 

4342. The mixture of claim 4325, wherein me condensable component further 
comprises oxygenated hydrocarbons, and Wnerein greater than about 1.5 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4343. The mixture of claim 4325, wh^ein the condensable component further 
comprises oxygenated hydrocarbons, auid wherein greater than about 25 % by weight of 
the condensable component comprises oxygenated hydrocarbons. 

4344. The mixture of claim 4325yfurther comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise Hi, and wherein greater than about 
5 % by weight of the non-condensable hydrocarbons comprises H2. 

4345. The mixture of claim 4325, further comprising non-condensable hydrocarbons, 
wherein the non-condensable nydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 
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4346. The mixture of claim 4325, further comprising non-cond«6able hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than apm^ximately 0.3. 

4347. A mixture produced from a portion of a hydroprbon containing formation, 
comprising: 

condensable hydrocarbons, wherein less th^ about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; and 

wherein the condensable hydrocarbor/s further comprise aromatic compounds, 
wherein more than about 20 % by weight qf the condensable hydrocarbons comprises 
aromatic compounds. 

4348. The mixture of claim 4347, ftiither comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of hydrocarbons having carbon 
numbers from 2 through 4, to methane, is greater than approximately 1 . 

4349. The mixture of claim 4^47, wherein the condensable hydrocarbons fiirther 
comprise olefins, and wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



4350. The mixture of claim 4347, fiirther comprising non-condensable hydrocarbons, 
wherein a molar ratio of ethene to ethane in the non-condensable hydrocarbons ranges 
from about 0.001 to aboi/t 0.15. 



4351. The mixture of c 
comprise nitrogen, and 
atomic basis, of the 



aim 4347, wherein the condensable hydrocarbons further 
A^herein less than about 1 % by weight, when calculated on an 
condensable hydrocarbons is nitrogen. 
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4352. The mixture of claim 4347, wherein the condensafcle hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atoniic basis, of the condensable hydrocarbons is oxygen. 

4353. The mixture of claim 4347, wherein the coridensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 %/Dy weight, when calculated on an 
atomic basis, of the condensable hydrocarbons p sulfur. 

4354. The mixture of claim 4347, wherein me condensable hydrocarbons further 
comprise oxygen containing compounds, vytierein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compoui/ds comprise phenols. 

4355. The mixture of claim 4347, wMerein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring aromatics with more than two rings. 

4356. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise asphaltenes, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4357. The mixture of claim 4347, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4358. The mixture of clajfm 4347, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprise hydrogen, and wherein the 
hydrogen is greater than dbout 10 % by volume and less than about 80 % by volume of 
the non-condensable hyd 'ocarbons. 
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4359. The mixture of claim 4347, further comprising ammonia, and wj/erein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4360. The mixture of claim 4347, further comprising ammonia, ^and wherein the 
anraionia is used to produce fertilizer. 

4361 . The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprise olefins, and wherein about 0.1 % to about 5 % hff weight of the condensable 
hydrocarbons comprises olefins. 

4362. The mixture of claim 4347, wherein the condensable hydrocarbons further 
comprises olefins, and wherein about 0.1 % to aboi^ 2 % by weight of the condensable 
hydrocarbons comprises olefins. 

4363. The mixture of claim 4347, wherein the^ condensable hydrocarbons further 
comprises multi-ring aromatic compounds, and wherein less than about 2 % by weight of 
the condensable hydrocarbons comprises multi-ring aromatic compounds. 

4364. The mixture of claim 4347, wherdn the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 1 .5 % by weight of the 
condensable hydrocarbons comprises dxygenated hydrocarbons. 

.4365. The mixture of claim 4347, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 25 % by weight of the 
condensable component comprises oxygenated hydrocarbons. 



4366. The mixture of claim 434/7, further comprising non-condensable hydrocarbons, 
wherein the non-condensable hyjarocarbons comprise H2, and wherein greater than about 
5 % by weight of the non-conddnsable hydrocarbons comprises H2. 
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4367. The mixture of claim 4347, further comprising non-condeimble hydrocarbons, 
wherein the non-condensable hydrocarbons comprise H2, and wherein greater than about 
15 % by weight of the non-condensable hydrocarbons comprises H2. 

4368. The mixture of claim 4347, further comprising non/condensable hydrocarbons, 
wherein the non-condensable hydrocarbons comprises hydrocarbons having carbon 
numbers of less than 5, and wherein a weight ratio of Iwdrocarbons having carbon 
numbers from 2 through 4, to methane, is greater thai/ approximately 0.3. 

4369. A mixture produced from a portion of a hjprocarbon containing formation, 
comprising: 

non-condensable hydrocarbons comprising hydrocarbons having carbon numbers 
of less than about 5, wherein a weight ratio oythe hydrocarbons having carbon number 
from 2 through 4, to methane, in the mixture^is greater than approximately 1; 

wherein the non-condensable hydrocarbons further comprise H2, wherein greater 
than about 15 % by weight of the non-conflensable hydrocarbons comprises H2; and 
condensable hydrocarbons, comprising: 

oxygenated hydrocarbons, wherein greater than about 1 .5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbons; 

olefins, wherein less tjian about 10 % by weight of the condensable 
hydrocarbons comprises olefins; ano 

aromatic compound^, wherein greater than about 20 % by weight of the 
condensable hydrocarbons comprises aromatic compounds. 



4370. The mixture of claim 4369, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

4371. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise nitrogen, and wher<;in less than about 1 % by weight, when calculated on an 
atomic basis, of the condensaS^le hydrocarbons is nitrogen. 
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4372. The mixture of claim 4369, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, wheiycalculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. / 



43 73 . The mixture of claim 43 69, wherein the condensable Ifydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight!, when calculated on an 
atomic basis, of the condensable hydrocarbons is sulfur. 
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10 4374. The mixture of claim 4369, wherein the condensable hydrocarbons further 

comprise oxygen containing compounds, wherein about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons comprise^ oxygen containing compounds, and 
wherein the oxygen containing compounds comprise phenols. 

15 4375 . The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
multi-ring aromatics, and wherem less than dbout 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4376. The mixture of claim 4369, wherein the condensable hydrocarbons comprise 
20 asphaltenes, and wherein less than aboiit 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



25 



4377, The mixture of claim 4369, ^herein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycLoalkanes. 



30 



4378. The mixture of claim 4369, wherein the non-condensable hydrocarbons further 
comprises hydrogen, and wherein greater than about 10 % by volume and less than about 
80 % by volume of the non-condensable hydrocarbons. 
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4379. The mixture of claim 4369, further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ^nmonia. 

4380. The mixture of claim 4369, further comprising ammonia, and wherein the 
ammonia is used to produce fertilizer. 

4381 . The mixture of claim 4369, wherein the jdondensable hydrocarbons further 
comprise hydrocarbons having a carbon number of greater than approximately 25, 
wherein less than about 15 % by weight of tl/e hydrocarbons have a carbon number 
greater than approximately 25. 

4382. The mixture of claim 4369, whe/ein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4383. The mixture of claim 4369, yOvherein about 0.1 % to about 2 % by weight of the 
condensable hydrocarbons comprLses olefins. 

4384. The mixture of claim 43p9, wherein greater than about 25 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4385. The mixture of clainy4369, wherein the mixture comprises hydrocarbons having 
greater than about 2 carbon/atoms, and wherein the weight ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 



4386. A mixture produced from a portion of a hydrocarbon containing formation, 
comprising: 

condensable hydrocarbons, wherein less than about 5 % by weight of the 
condensable hydrocarbons comprises hydrocarbons having a carbon number greater than 
about 25; 

wherein the condensable hydrocarbons further comprise: 
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oxygenated hydrocarbons, wherein greater than about 5 % by weight of 
the condensable hydrocarbons comprises oxygenated hydrocarbc/ns; 

olefins, wherein less than about 10 % by weight of the condensable 
hydrocarbons comprises olefins; and / 

aromatic compounds, wherein greater thanibout 30 % by weight of the 
condensable hydrocarbons comprises aromatic compounds; and 

non-condensable hydrocarbons comprising Hi/vherein greater than about 15 % 
by weight of the non-condensable hydrocarbons corriprises H2. 

4387. The mixture of claim 4386, wherein the n6n-condensable hydrocarbons further 
comprises hydrocarbons having carbon numbers of less than 5, and wherein a weight 
ratio of hydrocarbons having carbon numbersytrom 2 through 4, to methane, is greater 
than approximately 1 . / 

4388. The mixture of claim 4386, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from about 0.00 lAo about 0.15. 

4389. The mixture of claim 4386, ^herein the condensable hydrocarbons further 
comprise nitrogen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is nitrogen. 

4390. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise oxygen, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condensable hydrocarbons is oxygen. 

439 1 . The mixture of claim 43 86, wherein the condensable hydrocarbons further 
comprise sulfur, and wherein less than about 1 % by weight, when calculated on an 
atomic basis, of the condense ble hydrocarbons is sulfur. 
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4392. The mixture of claim 4386, wherein the condensablef hydrocarbons further 
comprise oxygen containing compounds, wherein about 5y% by weight to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen containing compounds, and 
wherein the oxygen containing compounds comprise menols. 

4393. The mixture of claim 4386, wherein the condensable hydrocarbons further 
comprise multi-ring aromatics, and wherein less tnan about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring Aromatics with more than two rings. 

4394. The mixture of claim 4386, wherein thfe condensable hydrocarbons further 
comprise asphaltenes, and wherein less than^about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

4395. The mixture of claim 4386, wherein the condensable hydrocarbons comprise 
cycloalkanes, and wherein about 5 % by/weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

4396. The mixture of claim 4386, wnerein greater than about 10 % by volume and less 
than about 80 % by volume of the non-condensable hydrocarbons is hydrogen. 

4397. The mixture of claim 4386,/further comprising ammonia, and wherein greater 
than about 0.05 % by weight of the produced mixture is ammonia. 

4398. The mixture of claim 4386, further comprising ammonia, and wherein the 
ammonia is used to produce fertjflizer. 



4399. The mixture of claim 4386, wherein about 0.1 % to about 5 % by weight of the 
condensable hydrocarbons comprises olefins. 

4400. The mixture of claim 4386, wherein about 0. 1 % to about 2 % by weight of the 
condensable hydrocarbons coiriprises olefins. 
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4401. The mixture of claim 4386, wherein the condensable hydrocarbons comprises 
oxygenated hydrocarbons, and wherein greater than about 15 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4402. The mixture of claim 4386, wherein the mixture ccmprises hydrocarbons having 
greater than about 2 carbon atoms, and wherein the weij^t ratio of hydrocarbons having 
greater than about 2 carbon atoms to methane is greater than about 0.3. 

4403. A condensable mixture produced from a portion of a hydrocarbon containing 
formation, comprising: / 

olefins, wherein about 0.1 % by weightrto about 15 % by weight of the 
condensable mixture comprises olefins; / 

oxygenated hydrocarbons, wherein less than about 15 % by weight of the 
condensable mixture comprises oxygenatoa hydrocarbons; and 

asphaltenes, wherein less than ab(&ut 0.1 % by weight of the condensable mixture 
comprises asphaltenes. / 

4404. The mixture of claim 4403, wherein the condensable mixture further comprises 
hydrocarbons having a carbon numWer of greater than approximately 25, and wherein less 
than about 15 weight % of the hydrocarbons in the mixture have a carbon number greater 
than approximately 25. / 

4405. The mixture of claim 4403, wherein about 0.1 % by weight to about 5 % by 
weight of the condensable mixmire comprises olefins. 

4406. The mixture of claim 4403, wherein the condensable mixture fiirther comprises 
non-condensable hydrocarbons, wherein the non-condensable hydrocarbons comprise 
ethene and ethane, and wherein a molar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from al out 0.001 to about 0.15. 
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4407. The mixture of claim 4403, wherein the condensable mixture further comprises 
nitrogen, and wherein less than about 1 % by weight, whenycalculated on an atomic basis, 
of the condensable mixture is nitrogen. 

4408. The mixture of claim 4403, wherein the condensable mixture further comprises 
oxygen, and wherein less than about 1 % by weight, yhen calculated on an atomic basis, 
of the condensable mixture is oxygen. 

4409. The mixture of claim 4403, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weigjlit, when calculated on an atomic basis, of 
the condensable mixture is sulfur. 

4410. The mixture of claim 4403, wherein me condensable mixture further comprises 
oxygen containing compounds, wherein about 5 % by weight to about 30 % by weight of 
the condensable mixture comprise oxygen/containing compounds, and wherein the 
oxygen containing compounds comprise phenols. 

441 1 . The mixture of claim 4403, wherein the condensable mixture further comprises 
aromatic compounds, and wherein greater than about 20 % by weight of the condensable 
mixture are aromatic compounds. 

4412. The mixture of claim 4403, wherein the condensable mixture further comprises 
multi-ring aromatics, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



4413. The mixture of claim 4403, wherein the condensable mixture further comprises 
cycloalkanes, and wherein aboii 5 % by weight to about 30 % by weight of the 
condensable mixture are cycloalkanes. 

4414. The mixture of claim 4403, wherein the condensable mixture comprises non- 
condensable hydrocarbons, an 1 wherein the non-condensable hydrocarbons comprise 



V 
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hydrogen, and wherein the hydrogen is greater than about 10 % by vooime of the non- 
condensable hydrocarbons and wherein the hydrogen is less than aj^ut 80 % by volume 
of the non-condensable hydrocarbons. 



4415. The mixture of claim 4403, further comprising i 
than about 0.05 % by weight of the produced mixture is ; 



)nia, and wherein greater 
lonia. 
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4416. The mixture of claim 4403, further comprising ammonia, and wherein the 
ammonia is used to produce fertiUzer. 

4417. The mixture of claim 4403, wherein ah6\xt 0.1 % by weight to about 2 % by 
weight of the condensable mixture comprisesr olefins. 

44 1 8. A condensable mixture produced ^om a portion of a hydrocarbon containing 
formation, comprising: 

olefins, wherein about 0.1 % bV weight to about 2 % by weight of the 
condensable mixture comprises olefins; 

multi-ring aromatics, wherem less than about 2 % by weight of the condensable 
mixture comprises multi-ring aromatics with more than two rings; and 

oxygenated hydrocarbons/ wherein greater than about 25 % by weight of the 
condensable mixture comprises oxygenated hydrocarbons. 

4419. The mixture of claim 4f41 8, further comprising hydrocarbons having a carbon 
number of greater than approximately 25, wherein less than about 5 weight % of the 
hydrocarbons in the mixture /have a carbon number greater than approximately 25. 



4420. The mixture of claiAi 441 8, wherein the condensable mixture further comprises 
nitrogen, and wherein less /than about 1 % by weight, when calculated on an atomic basis, 
of the condensable hydrocarbons is nitrogen. 



30 
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4421 . The mixture of claim 441 8, wherein the condensable/mixture further comprises 
oxygen, and wherein less than about 1 % by weight, wherj/calculated on an atomic basis, 
of the condensable hydrocarbons is oxygen. 

4422. The mixture of claim 441 8, wherein the condensable mixture further comprises 
sulfur, and wherein less than about 1 % by weight,/vhen calculated on an atomic basis, of 
the condensable hydrocarbons is sulfur. 

4423. The mixture of claim 441 8, wherein thjk condensable mixture further comprises 
oxygen containing compounds, wherein aboiit 5 % by weight to about 30 % by weight of 
the condensable hydrocarbons comprise oxygen containing compounds, and wherein the 
oxygen containing compounds comprise mienols. 

4424. The mixture of claim 441 8, wherein the condensable mixture further comprises 
aromatic compoimds, and wherein grejater than about 20 % by weight of the condensable 
mixture are aromatic compovmds. 

4425. The mixture of claim 441 8, /vherein the condensable mixture further comprises 
condensable hydrocarbons, and wnerein less than about 0.3 % by weight of the 
condensable hydrocarbons are asphaltenes. 

4426. The mixture of claim 441 8, wherein the condensable mixture further comprises 
cycloalkanes, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 



4427. The mixture of claim 
about 0.05 % by weight of thfe 



4428. The mixture of claim 
used to produce fertilizer. 



•418, further comprising ammonia, wherein greater than 
produced mixture is ammonia. 



441 8, further comprising ammonia, wherein the ammonia is 



905 



Conley, Rose & Tayon, P.C. 



4429. A mixture produced from a portion of a hydrocarbon containinaadrmation, 
comprising: / 

non-condensable hydrocarbons and H2, wherein greater thm/about 10% by 
volume of the non-condensable hydrocarbons and H2 comprises H2; 

ammonia and water, wherein greater than about 0.5 % by weight of the mixture 
comprises ammonia; and / 

condensable hydrocarbons. / 

4430. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise hydrocarbons having carbon numbers of less man 5, and wherein a weight ratio 
of the hydrocarbons having carbon numbers from 2 through 4 to methane, in the mixture 
is greater than approximately 1 . / 

443 1 . The mixture of claim 4429, wherein greater/than about 0. 1 % by weight of the 
condensable hydrocarbons are olefins, and whereiA less than about 1 5 % by weight of the 
condensable hydrocarbons are olefins. / 

4432. The mixture of claim 4429, wherein the non-condensable hydrocarbons further 
comprise ethene and ethane, wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons is greater than about 0.001, and wherein a molar ratio of 
ethene to ethane in the non-condensable hydrocarbons is less than about 0.15. 

4433. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the condensable hydrocarbons is nitrogen. 

4434. The mixture of claim 4429, wherein less than about 1 % by weight, when 
calculated on an atomic basis, of the Condensable hydrocarbons is oxygen. 

4435. The mixture of claim 4429, 
calculated on an atomic basis, of th 



therein less than about 1 % by weight, when 
condensable hydrocarbons is sulftir. 
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4436. The mixture of claim 4429, wherein about 5 % by weigM to about 30 % by 
weight of the condensable hydrocarbons comprise oxygen coyaining compoimds, and 
wherein the oxygen containing compounds comprise phenol^ 

4437. The mixture of claim 4429, wherein greater than /bout 20 % by weight of the 
condensable hydrocarbons are aromatic compounds. 

4438. The mixture of claim 4429, wherein less thsui about 5 % by weight of the 
condensable hydrocarbons comprises multi-ring ^omatics with more than two rings. 

4439. The mixture of claim 4429, wherein l^ss than about 0,3 % by weight of the 
condensable hydrocarbons are asphaitenes. 

4440. The mixture of claim 4429, wher^m about 5 % by weight to about 30 % by 
weight of the condensable hydrocarbons are cycloalkanes. 

4441 . The mixture of claim 4429, wherein the H2 is less than about 80 % by volume of 
the non-condensable hydrocarbons and H2. 

4442. The mixture of claim 442* wherein the condensable hydrocarbons further 
comprise sulfur containing compounds. 

4443. The mixture of claim 4429, wherein the ammonia is used to produce fertilizer. 

4444. The mixture of claim M29, wherein less than about 5% of the condensable 
hydrocarbons have carbon numbers greater than 25. 



4445. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
olefins, wherein greater thm about about 0.00 1 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than about 15% by weight of the 
condensable hydrocarbons comprise olefins. 
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4446. The mixture of claim 4429, wherein the condensable hydfbcarbons comprise 
olefins, wherein greater than about about 0,001 % by weight of the condensable 
hydrocarbons comprise olefins, and wherein less than aboutylO% by weight of the 
condensable hydrocarbons comprise olefins. / 

4447. The mixture of claim 4429, wherein the condensable hydrocarbons comprise 
oxygenated hydrocarbons, and wherein greater than aoout 1 .5 % by weight of the 
condensable hydrocarbons comprises oxygenated hydrocarbons. 

4448. The mixture of claim 4429, wherein the condensable hydrocarbons further 
comprise nitrogen containing compounds. / 

4449. A method of treating a hydrocarbon containing formation in situ comprising 
providing heat from three or more heat sources to at least a portion of the formation, 
wherein three or more of the heat sources are/located in the formation in a unit of heat 
sources, and wherein the unit of heat sources comprises a triangular pattern. 

4450. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, and wherein the plurality of units are repeated 
over an area of the formation to form a repetitive pattem of units. 

445 1 . The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the Axnits, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattem of units, and wherein a ratio of heat 
sources in the repetitive pattem of Imits to production wells in the repetitive pattem is 
less than approximately 5. / 

4452. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattem of units, wherein three or more 
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production wells are located within an area defined by the piyklity of units, wherein the 
three or more production wells are located in the forniation/n a unit of production wells, 
and wherein the unit of production wells comprises a triangular pattern. 

4453. The method of claim 4449, wherein three or itiore of the heat sources are located 
in the formation in a plurality of the units, whereiri the plurality of units are repeated over 
an area of the formation to form a repetitive pattern of units, wherein three or more 
injection wells are located within an area defiried by the plurality of units, wherein the 
three or more injection wells are located in me formation in a unit of injection wells, and 
wherein the unit of injection wells comprises a triangular pattem. 

4454. The method of claim 4449, wh^ein three or more of the heat sources are located 
in the formation in a plurality of the imits, wherein the plurality of units are repeated over 
an area of the formation to form a repetitive pattem of units, wherein three or more 
production wells and three or more injection wells are located within an area defined by 
the plurality of units, wherein the mree or more production wells are located in the 
formation in a unit of production/wells, wherein the unit of production wells comprises a 
ifirst triangular pattem, wherein me three or more injection wells are located in the 
formation in a unit of injection/ wells, wherein the unit of injection wells comprises a 
second triangular pattem, ancy wherein the first triangular pattem is substantially different 
than the second triangular pattem. 

4455. The method of claim 4449, wherein three or more of the heat sources are located 
in the formation in a plurality of the units, wherein the plurality of units are repeated over 
an area of the formation vo form a repetitive pattem of units, wherein three or more 
monitoring wells are located within an area defined by the plurality of units, wherein the 
three or more monitoring wells are located in the formation in a unit of monitoring wells, 
and wherein the unit of monitoring wells comprises a triangular pattem. 



4456. The method o 
defined by the unit 



claim 4449, wherein a production well is located in an area 
oflheat sources. 
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4457. The method of claim 4449, wherein three or more of the heat soydrces are located 
in the formation in a first unit and a second unit, wherein the first uruf is adjacent to the 
second unit, and wherein the first unit is inverted with respect to the second unit. 

4458. The method of claim 4449, wherein a distance betwe^ each of the heat sources in 
the unit of heat sources varies by less than about 20 %. 

4459. The method of claim 4449, wherein a distance ^tween each of the heat sources in 
the unit of heat sources is approximately equal. 

4460. The method of claim 4449, wherein providing heat from three or more heat 
sources comprises substantially uniformly providing heat to at least the portion of the 
formation. 

4461. The method of claim 4449, wherein jiie heated portion comprises a substantially 
uniform temperature distribution. 

4462. The method of claim 4449, wher«^in the heated portion comprises a substantially 
uniform temperature distribution, and wherein a difference between a highest temperature 
in the heated portion and a lowest ten^erature in the heated portion comprises less than 
about 200 °C. 

4463. The method of claim 4449,Avherein a temperature at an outer lateral boundary of 
the triangular pattern and a tempe/ature at a center of the triangular pattern are 
approximately equal. 



4464. The method of claim 4449, wherein a temperature at an outer lateral boundary of 
the triangular pattern and a temperature at a center of the triangular pattem increase 
substantially linearly after an initial period of time, and wherein the initial period of time 
comprises less than approxima ely 3 months. 
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4465. The method of claim 4449, wherein a time required to incrfease an average 
temperature of the heated portion to a selected temperature withahe triangular pattern of 
heat sources is substantially less than a time required to increase the average temperature 
of the heated portion to the selected temperature with a hexagonal pattern of heat sources, 
and wherein a space between each of the heat sources in me triangular pattern is 
approximately equal to a space between each of the heat sources in the hexagonal pattern. 

4466. The method of claim 4449, wherein a time rMuired to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantially less than a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature v^th a hexagonal 
pattern of heat sources, and wherein a space petween each of the heat sources in the 
triangular pattern is approximately equal to A space between each of the heat sources in 
the hexagonal pattern. 

4467. The method of claim 4449, wherein a time required to increase a temperature at a 
coldest point within the heated portion to a selected temperature with the triangular 
pattern of heat sources is substantial^ less than a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a number of heat sources per unit area in the 
triangular pattern is equal to the rjlumber of heat sources per imit are in the hexagonal 
pattern of heat sources. 



4468. The method of claim 4449, wherein a time required to increase a temperature at a 
coldest point within the heatea portion to a selected temperature with the triangular 
pattern of heat sources is sub^^tially equal to a time required to increase a temperature 
at the coldest point within the heated portion to the selected temperature with a hexagonal 
pattern of heat sources, and wherein a space between each of the heat sources in the 
triangular pattern is approximately 5 m greater than a space between each of the heat 
sources in the hexagonal patter^. 



911 



Conley, Rose & Tayon, P.C. 



4469. The method of claim 4449, wherein providing heat from three or more heat 
sources to at least the portion of formation comprises: / 

heating a selected volume (V)of the hydrocarbon containing formation from three 
or more of the heat sources, v^herein the formation has an average heat capacity (Cv), and 
wherein heat from three or more of the heat sources pyrqiyzes at least some hydrocarbons 
v^thin the selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, /^is an average heating rate of the 
formation, ps is formation bulk density, and wjierein the heating rate is less than about 
10°C/day. 

4470. The method of claim 4449, whereifi three or more of the heat sources comprise 
electrical heaters. 

4471. The method of claim 4449, w^ferein three or more of the heat sources comprise 
surface burners. 

4472. The method of claim 4449/wherein three or more of the heat sources comprise 
flameless distributed combustorsi 

4473. The method of claim 44^9, wherein three or more of the heat sources comprise 
natural distributed combustors/ 



4474. The method of claim 
allowing the heat to transfer 



W49, fiirther comprising: 



from three or more of the heat sources to a selected section 
of the formation such that heat from three or more of the heat sources pyrolyzes at least 
some hydrocarbons within the selected section of the formation; and 
producing a mixture of fluids\from the formation. 
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4475. The method of claim 4474, further comprising controlling a temperature within at 
least a majority of the selected section of the formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is cont^lled as a function of 
pressure. 

4476. The method of claim 4474, further comprising controlling the heat such that an 
average heating rate of the selected section is less than ab^ut 1 .0° C per day during 
pyrolysis. 

4477. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section comprises transferring heat substantially 
by conduction. 

4478. The method of claim 4474, wherein OTOviding heat from three or more of the heat 
sources to at least the portion of the formation comprises heating the selected section 
such that a thermal conductivity of at leas/ a portion of the selected section is greater than 
about 0.5 W/m °C. 

4479. The method of claim 4474, wt}erein the produced mixture comprises an API 
gravity of at least 25°. 

4480. The method of claim 4474ywherein the produced mixture comprises condensable 
hydrocarbons, and wherein about A). 1% by weight to about 15% by weight of the 
condensable hydrocarbons are olefins. 



4481. The method of claim 22f, wherein the produced mixture comprises non- 
condensable hydrocarbons, ana wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 
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4482. The method of claim 4474, wherein the produced mixture oomprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, whey calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

4483. The method of claim 4474, wherein the produced/mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by we^ht, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 

4484. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 ®/^by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is suF 

4485. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

4486. The method of claim 4474/ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic cornpounds. 

4487. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein jfess than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

4488. The method of claum 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.1% by weight of the condensable 
hydrocarbons are asphaVtenes. 
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4489. The method of claim 4474, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by we)4ht of the 
condensable hydrocarbons are cycloalkanes. / 

4490. The method of claim 4474, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 8Q/% by volume of the non- 
condensable component. / 

4491 . The method of claim 4474, wherein the produced mixture comprises ammonia, 
and wherein greater than about 0.05 % by weight of tMe produced mixture is ammonia. 

4492. The method of claim 4474, wherein the produced mixture comprises ammonia, 
and wherein the ammonia is used to produce fertilizer. 

4493. The method of claim 4474, further comprising controlling formation conditions to 
produce a mixture of hydrocarbon fluids and H2, wherein a partial pressure of H2 within 
the mixture is greater than about 2.0 bar absolute. 

4494. The method of claim 4474, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. / 

4495. The method of claim 4474, flirflier comprising controlling formation conditions 
by recirculating a portion of hydrogen from the mixture into the formation. 

4496. The method of claim 4474, mrther comprising: 

providing hydrogen (H2) to Ithe heated section to hydrogenate hydrocarbons 
within the section; and / 

heating a portion of the secrtion with heat from hydrogenation. 
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4497. The method of claim 4474, further comprising: / 
producing hydrogen from the formation; and / 
hydrogenating a portion of the produced condensable hydroo^bons with at least a 

portion of the produced hydrogen. / 

4498. The method of claim 4474, wherein allowing the heat to transfer from three or 
more of the heat sources to the selected section of the fornmtion comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 

4499. The method of claim 4474, wherein allowing/the heat to transfer from three or 
more of the heat sources to the selected section of the formation comprises substantially 
uniformly increasing a permeability of a majorityyof the selected section. 

4500. The method of claim 4474, further comprising controlling the heat from three of 
more heat sources to yield greater than about^O % by weight of condensable 
hydrocarbons, as measured by the Fischer iVssay. 

4501 . The method of claim 4474, whermn producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production wellr. 

4502. The method of claim 4474, further comprising providing heat from three or more 
heat sources to at least a portion offthe formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4503. The method of claim 4474, fiirther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
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sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. / 

4504. A method for in situ production of synthesis gas from a^ydrocarbon containing 
formation, comprising: / 

heating a section of the formation to a temperature /ufficient to allow synthesis 
gas generation, wherein a permeability of the section is substantially uniform and greater 
than a permeability of an unheated section of the formsttion when the temperature 
sufficient to allow synthesis gas generation within the formation is achieved; 

providing a synthesis gas generating fluid t6 the section to generate synthesis gas; 
and / 

removing synthesis gas from the formation. 

4505. The method of claim 4504, whereinAhe permeability of the section is greater than 
about 100 millidarcy when the temperature sufficient to allow synthesis gas generation 
within the formation is achieved. / 

4506. The method of claim 4504, wherein the temperature sufficient to allow synthesis 
gas generation ranges firom approximately 400^C to approximately 1200 °C. 

4507. The method of claim 4504, fiirther comprising heating the section when providing 
the synthesis gas generating fliud to inhibit temperature decrease in the section due to 
synthesis gas generation. / 

4508. The method of claim 4504, wherein heating the section comprises convecting an 
oxidizing fluid into a portion of the section, wherein the temperature within the section is 
above a temperature sufficient to support oxidation of carbon within the section with the 
oxidizing fluid, and readiing the oxidizing fluid with carbon in the section to generate 
heat within the section./ 

4509. The method of claim 4508, wherein the oxidizing fluid comprises air. 
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45 1 0. The method of claim 4509, wherein an amount of the oxidizing fluid convected 
into the section is configured to inhibit formation of oxides of nitrogm by maintaining a 
reaction temperature below a temperature sufficient to produce oxiaes of nitrogen 
compounds. / 

45 1 1 . The method of claim 4504, wherein heating the section comprises diffusing an 
oxidizing fluid to reaction zones adjacent to wellbores witmn the formation, oxidizing 
carbon within the reaction zone to generate heat, and trajj/sferring the heat to the section. 

45 1 2. The method of claim 4504, wherein heating 
section by transfer of heat from one or more of eleci 

45 1 3. The method of claim 4504, wherein heating the section to a temperature sufficient 
to allow synthesis gas generation and providing a synthesis gas generating fluid to the 
section comprises introducing steam into the section to heat the formation and to generate 
synthesis gas. / 

45 14. The method of claim 4504, further comprising controlling the heating of the 
section and provision of the synthesis gas generating fluid to maintain a temperature 
within the section above the temperature sufficient to generate synthesis gas. 

45 1 5. The method of claim 4504, furttter comprising: 
monitoring a composition of the produced synthesis gas; and 

controlling heating of the sectjfon and provision of the synthesis gas generating 
fluid to maintain the composition of the produced synthesis gas within a selected range. 

45 1 6. The method of claim 45 1 5, wherein the selected range comprises a ratio of H2 to 
CO of about 2:1. / 



section comprises heating the 
ical heaters. 
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4517. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
liquid water. 

45 18. The method of claim 4504, wherein the synthesis gas generating fluid comprises 
steam. 

45 19. The method of claim 4504, wherein the synthe/is gas generating fluid comprises 
water and carbon dioxide, and wherein the carbon d/oxidc inhibits production of carbon 
dioxide from carbon containing material within th6 section. 

4520. The method of claim 45 19, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 



4521 . The method of claim 4504, wherein the synthesis gas generating fluid comprises 
15 carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



20 



4522. The method of claim 452 1/ wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4523. The method of claim 4504, wherein providing the synthesis gas generating fluid 
to the section comprises raising a water table of the formation to allow water to flow into 
the section. 



25 
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4524. The method of claim 4504, wherein the synthesis gas is removed from a producer 
well equipped with a heating source, and wherein a portion of the heating source adjacent 
to a synthesis gas produping zone operates at a substantially constant temperature to 
promote production of jlhe synthesis gas wherein the synthesis gas has a selected 
composition. 
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4525 . The method of claim 4524, wherein the substantially constant temperature is 
about 700 °C, and wherein the selected composition has a H2 to CO ratio of about 2:1. 

4526. The method of claim 4504, wherein the synthesis gas geiferating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction witnin the section to increase a H2 
concentration of the generated synthesis gas. / 

4527. The method of claim 4504, wherein the synmesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within the secnon to increase an energy content of the 
synthesis gas removed from the formation. / 

4528. The method of claim 4504, further Comprising maintaining a pressure within the 
formation during synthesis gas generation^ and passing produced synthesis gas through a 
turbine to generate electricity. / 

4529. The method of claim 4504, funher comprising generating electricity from the 
synthesis gas using a fuel cell. / 

4530. The method of claim 4504/ further comprising generating electricity from the 
synthesis gas using a fuel cell, senarating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. / 

453 1 . The method of claim 4504, further comprising using a portion of the synthesis gas 
as a combustion fuel to heat me formation. 

4532. The method of clain] 4504, further comprising converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 
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4533. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to methanol. / 

4534. The method of claim 4504, further comprising converting at least a portion of the 
produced synthesis gas to gasoline. / 

4535. The method of claim 4504, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanatioiyprocess. 

4536. The method of claim 4504, further comprising providing heat from three or more 
heat sources to at least a portion of the formation/ wherein three or more of the heat 
sources are located in the formation in a unit omieat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4537. The method of claim 4504, further Comprising providing heat from three or more 
heat sources to at least a portion of the foAnation, wherein three or more of the heat 
sources are located in the formation in a/unit of heat sources, wherein the imit of heat 
sources comprises a triangular pattern/and wherein a plurality of the units are repeated 
over an area of the formation to fomya repetitive pattem of units. 

4538. A method of treating a hyd/ocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the one or more heat sources to substantially 
uniformly increase a permeability of the portion and to increase a temperature of the 
portion to a temperature sufficient to allow synthesis gas generation; 

providing a synthesis/gas generating fluid to at least the portion of the selected 
section, wherein the synthesis gas generating fluid comprises carbon dioxide; 

obtaining a portion of the carbon dioxide of the synthesis gas generating fluid 
from the formation; and \ 
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producing synthesis gas from the formation. / 

4539. The method of claim 4538, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400 °C to about 1^00 °C. 

4540. The method of claim 4538, fiirther comprising using a second portion of the 
separated carbon dioxide as a flooding agent to produce4iydrocarbon bed methane from a 
hydrocarbon containing formation. / 

4541 . The method of claim 4540, wherein the hydrocarbon containing formation is a 
deep hydrocarbon containing formation over 7 Sum below ground surface. 

4542. The method of claim 4540, wherein the hydrocarbon containing formation 
adsorbs some of the carbon dioxide to sequester the carbon dioxide. 

4543. The method of claim 4538, fiirthey comprising using a second portion of the 
separated carbon dioxide as a flooding agent for enhanced oil recovery. 

4544. The method of claim 4538, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produoed synthesis gas. 

4545. The method of claim 453K, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react v^thin the selected section to increase an energy 
content of the produced synthesis gas. 

4546. The method of claimM538, fiirther comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electriciiy. 
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4547. The method of claim 4538, further comprising generating electr^ity from the 
synthesis gas using a fuel cell. 

4548. The method of claim 4538, further comprising generating^electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from^a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within / spent portion of the 
formation. 

4549. The method of claim 4538, further comprising )/sing a portion of the synthesis gas 
as a combustion fuel for heating the formation. 

4550. The method of claim 4538, further compri/ing converting at least a portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 

4551. The method of claim 4538, further comprising converting at least a portion of the 
produced synthesis gas to methanol. 

4552. The method of claim 4538, flirth^ comprising converting at least a portion of the 
produced synthesis gas to gasoline. 

4553. The method of claim 4538, fuiAher comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanation process. 



4554. The method of claim 4538, wherein a temperature of the one or more heat sources 



wellbore is maintained at a tempen 



synthesis gas having a ratio of H2 ft) carbon monoxide of greater than about 2. 



ture of less than approximately 700 °C to produce a 
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4555. The method of claim 4538, wherein a temperature of me one or more heat sources 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2 to carbon monoxide of less than about 2. 

4556. The method of claim 4538, wherein a temperanire of the one or more heat sources 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carbon monoxide of approximately 2. 

4557. The method of claim 4538, wherein a heat source of the one or more of heat 
sources comprises an electrical heater. / 

4558. The method of claim 4538, whereinA heat source of the one or more heat sources 
comprises a natural distributor heater. / 

4559. The method of claim 4538, wherein a heat source of the one or more heat sources 
comprises a flameless distributor combustor (FDC) heater, and wherein fluids are 
produced from the wellbore of the FDC heater through a conduit positioned within the 
wellbore. / 

4560. The method of claim 4538, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattem. 

4561 . The method of claim 45B8, further comprising providing heat from three or more 
heat sources to at least a porticp of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangula pattem, and wherein a plurality of the imits are repeated 
over an area of the formation to form a repetitive pattem of units. 



4562. A method of in situ S)^nthesis gas production, comprising: 
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providing heat from one or more flameiess distributed combustor haters to at 
least a first portion of a carbon containing formation; 

allowing the heat to transfer from the one or more heaters to a selected section of 
the formation such that the heat from the one or more heaters substantially uniformly 
increases a permeability of the selected section, and to raise a temperature of the selected 
section to a temperature sufficient to generate synthesis gas; 

introducing a synthesis gas producing fluid into the sejifected section to generate 
synthesis gas; and 

removing synthesis gas from the formation. 

4563. The method of claim 4562, wherein the one or more heaters comprise at least two 
heaters, and wherein superposition of heat from at leasn; the two heaters substantially 
uniformly increases a permeability of the selected seetion, and raises a temperature of the 
selected section to a temperature sufficient to generate synthesis gas. 

4564. The method of claim 4562, frirther comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through/a turbine. 

4565. The method of claim 4562, fiirther comprising producing pyrolyzation products 
from the formation when raising the temperature of the selected section to the 
temperature sufficient to generate synthesis gas. 

4566. The method of claim 4562, fiirther comprising separating a portion of carbon 
dioxide from the removed synthesis ga^, and storing the carbon dioxide within a spent 
portion of the formation. 



4567. The method of claim 4562, fiirther comprising storing carbon dioxide within a 
spent portion of the formation, wherdin an amount of carbon dioxide stored within the 
spent portion of the formation is equil to or greater than an amount of carbon dioxide 
within the removed synthesis gas. 
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4568. The method of claim 4562, further comprising separating 21 portion of H2 from the 
removed synthesis gas; and using a portion of the separated Hi^as fuel for the one or more 
heaters. 

4569. The method of claim 4568, further comprising using a portion of exhaust products 
from one or more heaters as a portion of the synthesis g^s producing fluid 



10 



4570. The method of claim 4562, further comprisi^fg using a portion of the removed 
synthesis gas with a fuel cell to generate electricit 



h 



4571 . The method of claim 4570, v^herein the iuel cell produces steam, and wherein a 
portion of the steam is used as a portion of thd^synthesis gas producing fluid. 

4572. The method of claim 4570, whereirythe fiiel cell produces carbon dioxide, and 
wherein a portion of the carbon dioxide isAntroduced into the formation to react with 
carbon within the formation to produce carbon monoxide. 



4573. The method of claim 4570, whjfrein the fuel cell produces carbon dioxide, and 
20 storing an amount of carbon dioxide within a spent portion of the formation equal or 
greater to an amount of the carbon d/oxide produced by the fuel cell. 



25 
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4574, The method of claim 4562,/further comprising using a portion of the removed 
synthesis gas as a feed product foy formation of hydrocarbons. 

4575, The method of claim 45ff2, wherein the synthesis gas producing fluid comprises 
hydrocarbons having carbon niimbers less than 5, and wherein the hydrocarbons crack 
within the formation to increase an amount of H2 within the generated synthesis gas. 

4576, The method of claim 4^i62, further comprising providing heat from three or more 



heat sources to at least a portio 



of the formation, wherein three or more of the heat 
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sources are located in the formation in a unit of heat sources, and whereift the unit of heat 
sources comprises a triangular pattem. / 

4577. The method of claim 4562, further comprising providing hfeat from three or more 
heat sources to at least a portion of the formation, wherein three^or more of the heat 
sources are located in the formation in a unit of heat sources, therein the unit of heat 
sources comprises a triangular pattem, and wherein a plxiraUty of the units are repeated 
over an area of the formation to form a repetitive pattem <z)f units. 

4578. A method of treating a hydrocarbon containing formation, comprising: 
heating a portion of the formation with one ol more electrical heaters to a 

temperature sufficient to pyrolyze hydrocarbons w|ihin the portion; 
producing pyrolyzation fluid from the formation; 
separating a ftiel cell feed stream from th|e pyrolyzation fluid; and 
directing the fuel cell feed stream to a mel cell to produce electricity; 

4579. The method of claim 4578, wherein me fuel cell is a molten carbonate fuel cell. 

4580. The method of claim 4578, wherein the fuel cell is a solid oxide fiiel cell. 

458 1 . The method of claim 4578, furthfer comprising using a portion of the produced 
electricity to power the electrical heaters. 

4582. The method of claim 4578, wnerein heating the portion of the formation is 
performed at a rate sufficient to increase a permeability of the portion and to produce a 
substantially uniform permeability within the portion. 

4583. The method of claim 45781 wherein the fuel cell feed stream comprises H2 and 
hydrocarbons having a carbon number of less than 5. 
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4584. The method of claim 4578, wherein the fuel cell feed/stream comprises H2 and 
hydrocarbons having a carbon number of less than 3. / 



4585. The method of claim 4578, further comprisina/hydrogenating the pyrolyzation 
fluid with a portion of H2 from the pyrolyzation fluid. 



4586. The method of claim 4578, wherein the hydrogenation is done in situ by directing 
the H2 into the formation. / 

10 4587, The method of claim 4578, wherein the hydrogenation is done in a surface unit. 

4588, The method of claim 4578, furttter comprising directing hydrocarbon fluid having 
carbon numbers less than 5 adjacent t© at least one of the electrical heaters, cracking a 
portion of the hydrocarbons to produce H2, and producing a portion of the hydrogen from 



4589. The method of claim 458yK, further comprising directing an oxidizing fluid 
adjacent to at least the one of die electrical heaters, oxidizing coke deposited on or near 
the at least one of the electrical heaters with the oxidizing fluid. 



within the formation. / 

4591 . The method of claim 4590, wherein the CO2 is adsorbed to carbon material within 
25 a spent portion of the fomiation. 

4592. The method of claim 4578, further comprising cooling the portion to form a spent 
portion of formation. / 

30 4593. The method of claim 4592, wherein cooling the portion comprises introducing 
water into the portion 1 o produce steam, and removing steam from the formation. 
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4594. The method of claim 4593, further comprising using a portjon of the removed 
steam to heat a second portion of the formation. 

4595. The method of claim 4593, further comprising using /portion of the removed 
steam as a synthesis gas producing fluid in a second portio/ of the formation. 



4596. The method of claim 4578, further comprising: 

heating the portion to a temperature sufFicienj/to support generation of synthesis 
10 gas after production of the pyrolyzation fluids; 

introducing a synthesis gas producing flui^ into the portion to generate synthesis 
gas; and 

removing a portion of the synthesis gas^from the formation. 



15 4597. The method of claim 4596, further comprising producing the synthesis gas from 
the formation under pressure, and generating electricity from the produced synthesis gas 
by passing the produced synthesis gas through a turbine. 



20 



4598. The method of claim 4596, furtjaer comprising using a first portion of the removed 
synthesis gas as fuel cell feed. 



4599. The method of claim 4596, fprther comprising producing steam from operation of 
the fuel cell, and using the steam as/part of the synthesis gas producing fluid. 



25 4600. The method of claim 4596,/ further comprising using carbon dioxide from the fuel 
cell as a part of the synthesis gas producing fluid. 



30 



460 1 . The method of claim 4596|, 
to produce hydrocarbon product. 



further comprising using a portion of the synthesis gas 
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4602. The method of claim 4596, further comprising cooling the? portion to form a spent 
portion of formation. / 

4603. The method of claim 4602, wherein cooling the pariion comprises introducing 
water into the portion to produce steam, and removing steam from the formation. 

4604. The method of claim 4603, further comprising using a portion of the removed 
steam to heat a second portion of the formation. / 

4605. The method of claim 4603, further comprising using a portion of the removed 
steam as a synthesis gas producing fluid in a second portion of the formation. 

4606. The method of claim 4578, further comprising providing heat from three or more 
heat sources to at least a portion of the fomiation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4607. The method of claim 4578, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular patiem, and wherein a plurality of the units are repeated 
over an area of the formation to mrm a repetitive pattern of units. 

4608. A method for in situ production of synthesis gas from a hydrocarbon containing 
formation, comprising: / 

providing heat from one or more heat sources to at least a portion of the 
formation; / 

allowing the heat to wansfer from the one or more heat sources to a selected 
section of the formation sucn that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the selected section of the formation; 

producing pyrolysia products from the formation; 
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heating at least a portion of the selected section to a tempeipire sufficient to 

generate synthesis gas; 

providing a synthesis gas generating fluid to at least th/ portion of the selected 

section to generate syndesis gas; and 

producing a portion of the synthesis gas from the frirmation. 

4609. The method of claim 4608, wherein the one oXore heat sources comprise at 
least two heat sources, and wherein superposition of/eat from at least the two heat 



sources pyrolyzes at least some hydrocarbons wit 
formation. 



the selected section of the 



4610. The method of claim 4608, further con/prising allowing the heat to transfer from 
the one or more heat sources to the selected /ection to substantially uniformly increase a 
permeability of the selected section. 

461 1. The method of claim 4608, fiirthe( comprising controlling heat transfer from the 
one or more heat sources to produce a p/rmeability within the selected section of greater 
than about 100 millidarcy. 



4612. The method of claim 4608, farther comprising heating at least the portion of the 
selected section when providing the/synthesis gas generating fluid to inhibit temperature 
decrease within the selected sectioii during synthesis gas generation. 



4613. The method of claim ml wherein the temperature sufficient to allow synthesis 
gas generation is within a range f om approximately 400 °C to approximately 1200 °C. 



4614. The method of claim 46' 
section to a temperature 

heating zones adjacent 
disposed in the wellbores^ 



8, wherein heating at least the portion of the selected 
sufficidnt to allow synthesis gas generation comprises: 

tb wellbores of one or more heat sources with heaters 
the heaters are configured to raise temperatures of the 



wherein 
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zones to temperatures sufficient to support reaction of carbon-containi^ material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially bv/diffusion; 

allowing the oxidizing fluid to react with at least a portioi/of the carbon- 
containing material within the zones to produce heat in the zoij6s; and 

transferring heat from the zones to the selected sectio^ 

461 5. The method of claim 4608, wherein heating at leafet the portion of the selected 
section to a temperature sufficient to allow synthesis gis generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially be convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion.. 

4616. The method of claim 4608, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the fomiation. 

4617. The method of claim 4608, wherein one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 



461 8. The method of claim 4608 iwherein heating at least the portion of the selected 
section to a temperature sufficienl/to allow synthesis gas generation and providing a 



t least the portion of the selected section comprises 



synthesis gas generating fluid to 
introducing steam into the portioA. 



4619. The method of claim 4608, further comprising controlling the heating of at least 
the portion of selected section andVprovision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected season above the 
temperature sufficient to generate synthesis gas. / 



4620. The method of claim 4608, further comprising: 
monitoring a composition of the produced synthesis gas; and 
controlling heating of at least the portion of selected section and provision of the 

synthesis gas generating fluid to maintain the compcjsition of the produced synthesis gas 
within a desired range. 

4621 . The method of claim 4608, wherein th/synthesis gas generating fluid comprises 
liquid water. 

4622. The method of claim 4608, wher9in the synthesis gas generating fluid comprises 
steam. 

4623. The method of claim 4608, ^^erein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein /he carbon dioxide inhibits production of carbon 
dioxide from the selected section. 

4624. The method of claim 4623, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid pomprises carbon dioxide removed from the formation. 

4625. The method of claim/4608, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherei^ a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4626. The method of claim 4625, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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4627. The method of claim 4608, wherein providing the synthi^is gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 

4628. The method of claim 4608, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers les/than 5, and wherein at least a 
portion of the hydrocarbons are subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4629. The method of claim 4608, wherein/he synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within/at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 

4630. The method of claim 4608, further comprising maintaining a pressure within the 
formation during synthesis gas ger/eration, and passing produced synthesis gas through a 
turbine to generate electricity. 

463 1 . The method of claim 4p08, further comprising generating electricity from the 
synthesis gas using a fuel cclij 

4632. The method of clairj^ 4608, further comprising generating electricity from the 
synthesis gas using a fuel j^ell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of t^e separated carbon dioxide within a spent section of the 
formation. 



4633. The method of ilaim 4608, further comprising using a portion of the synthesis gas 
as a combustion fuel fdr the one or more heat sources. 
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producing fluid from the first portion, wherein the fluid compmses an aqueous 
fluid and a hydrocarbon fluid; / 

heating a second portion of the formation to a temperaturef sufficient to allow 
synthesis gas generation; / 

introducing at least a portion of the aqueous fluid to me second section after the 
section reaches the temperature sufficient to allow sjoithesis gas generation; and 

producing synthesis gas from the formation. / 

4641 . The method of claim 4640, wherein the temperature sufficient to allow synthesis 
gas generation ranges from approximately 400 °C to approximately 1200 °C. 

4642. The method of claim 4640, further comp/ising separating ammonia within the 
aqueous phase from the aqueous phase prior to/mtroduction of at least the portion of the 
aqueous fluid to the second section. / 

4643. The method of claim 4640, wherein/a permeability of the second portion of the 
formation is substantially uniform and greater than about 100 millidarcy when the 
temperature sufficient to allow synthesis /gas generation is achieved. 

4644. The method of claim 4640, furmer comprising heating the second portion of the 
formation during introduction of at least the portion of the aqueous fluid to the second 
section to inhibit temperature decrease in the second section due to synthesis gas 
generation. / 

4645. The method of claim 4640, wherein heating the second portion of the formation 
comprises convecting an oxidizing fluid into a portion of the second portion that is above 
a temperature sufficient to support oxidation of carbon within the portion with the 
oxidizing fluid, and reacting the oxidizing fluid with carbon in the portion to generate 
heat within the portion. / 
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4646. The method of claim 4640, wherein heating the second portion of the formation 
comprises diffusing an oxidizing fluid to reaction zones adjacent t</wellbores within the 
formation, oxidizing carbon within the reaction zones to generajie heat, and transferring 
the heat to the second portion. 

4647. The method of claim 4640, wherein heating the second portion of the formation 
comprises heating the second section by transfer of he^ from one or more electrical 
heaters. 

4648. The method of claim 4640, wherein heatii/g the second portion of the formation 
comprises heating the second section with a flameless distributor combustor. 

4649. The method of claim 4640, wherein heating the second portion of the formation 
comprises injecting steam into at least the portion of the formation. 

4650. The method of claim 4640, wher^ein at least a portion of the aqueous fluid 
comprises a liquid phase. 

465 1 . The method of claim 4640, wherein the aqueous fluid comprises a vapor phase. 



4652. The method of claim 4640/ further comprising adding carbon dioxide to at least 
the portion of aqueous fluid to inhibit production of carbon dioxide from carbon within 
the formation. 



4653. The method of claim 4652, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 



4654. The method of claim 4640, further comprising adding hydrocarbons with carbon 
numbers less than 5 to at Least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas. 
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4655. The method of claim 4640, further comprising adding hydrocarbbns with carbon 
numbers less than 5 to at least the portion of the aqueous fluid to increase a H2 
concentration within the produced synthesis gas, wherein the hyd^carbons are obtained 
from the produced fluid. 

4656. The method of claim 4640, further comprising adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to increase en^gy content of the produced 
synthesis gas. 

4657. The method of claim 4640, further compri/ing adding hydrocarbons greater than 4 
to at least the portion of the aqueous fluid to inc/ease energy content of the produced 
synthesis gas, wherein the hydrocarbons are obtained from the produced fluid. 

4658. The method of claim 4640, furtheryComprising maintaining a pressure within the 
formation during synthesis gas generatio;!, and passing produced synthesis gas through a 
turbine to generate electricity. 

4659. The method of claim 4640, ^her comprising generating electricity from the 
synthesis gas using a fuel cell. 

4660. The method of claim 464^, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the s^arated carbon dioxide within a spent portion of the 
formation. 

4661 . The method of claiAi 4640, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



4662. The method of claim 4640, further comprising converting at least a portion of the 
produced synthesis gas p condensable hydrocarbons using a Fischer-Tropsch synthesis 
process. 
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4663. The method of claim 4640, further comprising converting at lea^ portion of the 
produced sjoithesis gas to methanol. 

4664. The method of claim 4640, further comprising convertij^g at least a portion of the 
produced synthesis gas to gasoline. 



10 
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4665. The method of claim 4640, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methanatiori process. 

4666. The method of claim 4640, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit ^f heat sources, and wherein the imit of heat 
sources comprises a triangular pattern. 

4667. The method of claim 4640, further comprising providing heat from three or more 
heat sources to at least a portion of the/formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to fgrm a repetitive pattern of units. 

4668. A method for in situ prgduction of synthesis gas from a carbon containing 
formation, comprising: 

heating a portion of tfee formation with one or more heat sources to create 
increased and substantiallyyuniform permeability within a portion of the formation and to 
raise a temperature withiiy the portion to a temperature sufficient to allow synthesis gas 
generation; 

providing a syntllesis gas generating fluid into the portion through at least one 



injection wellbore to g' 
generating fluid; and 



lerate synthesis gas from hydrocarbons and the synthesis gas 
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producing sjoithesis gas from at least one heat source wellbore in wnich is 
positioned proximate to a heat source of the one or more heat sources. / 

4669. The method of claim 4668, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from about 400° C to about 1200 °C. 

4670. The method of claim 4668, wherein creating a substmitially uniform permeability 
comprises heating the portion to a temperature within a rmge sufficient to pyrolyze 
hydrocarbons within the portion, raising the temperature within the portion at a rate of 
less than about 5 °C per day during pyrolyzation and/removing a portion of pyrolyzed 
fluid from the formation. / 

4671 . The method of claim 4668, further comprising removing fluid from the formation 
through at least the one injection wellbore prior to heating the selected section to the 
temperature sufficient to allow synthesis gas generation. 

4672. The method of claim 4668, wherein the injection wellbore comprises a wellbore 
of a heat source in which is positioned a heat source of the one or more heat sources. 

4673. The method of claim 4668, ftirtner comprising heating the selected portion during 
providing the synthesis gas generating fluid to inhibit temperature decrease in at least the 
portion of the selected section due to synthesis gas generation. 

4674. The method of claim 4668, further comprising providing a portion of the heat 
needed to raise the temperature sufflcient to allow synthesis gas generation by convecting 
an oxidizing fluid to hydrocarbons Whin the selected section to oxidize a portion of the 
hydrocarbons and generate heat. / 



4675 . The method of claim 4668 
selected section and provision of 



further comprising controlling the heating of the 
he synthesis gas generating fluid to maintain a 
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temperature within the selected section above the temperature sufficienjao^generate 
synthesis gas. 

4676. The method of claim 4668, further comprising: 
monitoring a composition of the produced synthesis gas; And 
controlling heating of the selected section and provision of the synthesis gas 

generating fluid to maintain the composition of the producedysynthesis gas within a 
desired range. 

4677. The method of claim 4668, wherein the synthesi^gas generating fluid comprises 
liquid water. 

4678. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
steam, 

4679. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
steam to heat the selected section and to generate synthesis gas. 

4680. The method of claim 4668, wherein ihe synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carpon dioxide inhibits production of carbon 
dioxide from the selected section. 

4681. The method of claim 4680, wherein a portion of the carbon dioxide comprises 
carbon dioxide removed from the formation. 



4682. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a pormon of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 



4683 . The method of claim 468 
carbon dioxide removed from the 



, wherein a portion of the carbon dioxide comprises 
formation. 
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4684. The method of claim 4668, wherein providing the synthesis gas gen/erating fluid 
to the selected section comprises raising a water table of the formation to4llow water to 
enter the selected section. / 

4685. The method of claim 4668, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and^wherein at least a 
portion of the hydrocarbons undergo a reaction within the selected section to increase a 
H2 concentration within the produced synthesis gas. / 

4686. The method of claim 4668, wherein the synthesis^as generating fluid comprises 
water and hydrocarbons having carbon numbers greatey than 4, and wherein at least a 
portion of the hydrocarbons react within the selected section to increase an energy 
content of the produced synthesis gas. / 

4687. The method of claim 4668, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electricity. / 

4688. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel cell. / 

. 4689. The method of claim 4668, further comprising generating electricity from the 
synthesis gas using a fuel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent portion of the 
formation. / 

4690. The method of claim 4668, further comprising using a portion of the synthesis gas 
as a combustion fuel for heating the/formation. 
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4691 . The method of claim 4668, further comprising converting at leasya portion of the 
produced synthesis gas to condensable hydrocarbons using a Fischer-l/opsch synthesis 
process. 

4692. The method of claim 4668, further comprising converti^ at least a portion of the 
produced synthesis gas to methanol. 

4693. The method of claim 4668, further comprising c/nverting at least a portion of the 
produced synthesis gas to gasoline. 

4694. The method of claim 4668, further comprising converting at least a portion of the 
synthesis gas to methane using a catalytic methahation process. 

4695. The method of claim 4668, wherein temperature of at least the one heat source 
wellbore is maintained at a temperature of less than approximately 700 ""C to produce a 
synthesis gas having a ratio of H2 to carbon monoxide of greater than about 2. 

4696. The method of claim 4668, v^herein a temperature of at least the one heat source 
wellbore is maintained at a temperature of greater than approximately 700 °C to produce 
a synthesis gas having a ratio of H2/10 carbon monoxide of less than about 2. 

4697. The method of claim 4668, wherein a temperature of at least the one heat source 
wellbore is maintained at a temperature of approximately 700 °C to produce a synthesis 
gas having a ratio of H2 to carnon monoxide of approximately 2. 

4698. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises an electrical heater. 



4699. The method of claim 4668, wherein a heat source of the one or more heat sources 
comprises a natural distributor heater. 
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4700. The method of claim 4668, wherein a heat source of the one or/fnore heat sources 
comprises a flameless distributor combustor (FDC) heater, and whe^in fluids are 
produced from the wellbore of the FDC heater through a conduit Positioned within the 
wellbore. / 

4701 . The method of claim 4668, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat purees, and wherein the unit of heat 
sources comprises a triangular pattern. / 

4702. The method of claim 4668, further conmrising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unitf of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and/wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4703. A method of treating a hydrocaroon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer Ai-om the one or more heat sources to a selected 
section of the formation such that me heat from the one or more heat sources pyrolyzes at 
least a portion of the carbon containing material within the selected section of the 
formation; / 

producing pyrolysis products from the formation; 

heating a first portion oil a formation with one or more heat sources to a 
temperature sufficient to allow generation of synthesis gas; 

providing a first synthesis gas generating fluid to the first portion to generate a 
first synthesis gas; / 

removing a portion of the first synthesis gas from the formation; 
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heating a second portion of a formation with one more hear sources to a 
temperature sufficient to allow generation of synthesis gas havjng a H2 to CO ratio 
greater than a H2 to CO ratio of the first synthesis gas; 

providing a second synthesis gas generating comp^^ient to the second portion to 
generate a second synthesis gas; 

removing a portion of the second synthesis gas/from the formation; and 

blending a portion of the first synthesis gas with a portion of the second synthesis 
gas to produce a blended synthesis gas having a selected H2 to CO ratio. 

4704. The method of claim 4703, wherein Ihc/onc or more heat sources comprise at 
least two heat sources, and wherein superposwion of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4705. The method of claim 4703, wherj^in the first synthesis gas generating fluid and 
second synthesis gas generating fluid are the same component. 

4706. The method of claim 4703, further comprising controlling the temperature in the 
first portion to control a composition of the first synthesis gas. 

4707. The method of claim 4703, further comprising controlling the temperature in the 
second portion to control a composition of the second synthesis gas. 

4708. The method of claiin 4703, wherein the selected ratio is controlled to be 
approximately 2:1 H2 to ' 

4709. The method of claim 4703, wherein the selected ratio is controlled to range from 
approximately 1.8:1 tc/approximately 2.2:1 H2to CO. 



4710. The method 
approximately 3:1 H; 



claim 4703, wherein the selected ratio is controlled to be 
to CO. 
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471 1 . The method of claim 4703, wherein the selected ratio is controllecf to range from 
approximately 2.8: 1 to approximately 3.2: 1 H2 to CO. / 

4712. The method of claim 4703, further comprising providing al/least a portion of the 
produced blended synthesis gas to a condensable hydrocarbon synthesis process to 
produce condensable hydrocarbons. / 

4713. The method of claim 4712, wherein the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. / 

4714. The method of claim 4713, further comprising/cracking at least a portion of the 
condensable hydrocarbons to form middle distillates/ 

471 5. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a catalytic methanation process to produce methane. 

4716. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a methanol-synthesis process to produce methanol. 

471 7. The method of claim 4703, further comprising providing at least a portion of the 
produced blended synthesis gas to a gasoline-synthesis process to produce gasoline. 

471 8. The method of claim 4703, wherein removing a portion of the second synthesis 
gas comprises withdrawing second synthesis gas through a production well, wherein a 
temperature of the production well adjacent to a second syntheses gas production zone is 
maintained at a substantially constant temperature configured to produce second 
synthesis gas having the H2 to CO/ ratio greater the first synthesis gas. 

4719. The method of claim 470p, wherein the first synthesis gas producing fluid 
comprises CO2 and wherein the temperature of the first portion is at a temperature that 
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will result in conversion of CO2 and carbon from the first portion to C0 to generate a CO 
rich first synthesis gas. / 

4720. The method of claim 4703, wherein the second synthesis gas producing fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydrocarbons react within the formation to increase a H2 
concentration within the produced second synthesis ga/ 

4721 . The method of claim 4703, wherein blending a portion of the first synthesis gas 
with a portion of the second synthesis gas comprises producing an intermediate mixture 
having a H2 to CO mixture of less than the sel/cted ratio, and subjecting the intermediate 
mixture to a shift reaction to reduce an amount of CO and increase an amount of H2 to 
produce the selected ratio of H2 to CO. / 

4722. The method of claim 4703, fiirtner comprising removing an excess of first 
synthesis gas from the first portion tomave an excess of CO, subjecting the first synthesis 
gas to a shift reaction to reduce an apiount of CO- and increase an amount of H2 before 
blending the first synthesis gas with the second synthesis gas. 

4723. The method of claim 4703, fiirther comprising removing the first synthesis gas 
fi"om the formation under pres^e, and passing removed first synthesis gas through a 
turbine to generate electricity/ 

4724. The method of claim 4703, fiirther comprising removing the second synthesis gas 
from the formation under pressure, and passing removed second synthesis gas through a 
turbine to generate electrycity. 

4725. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fuel cell. 



\ 
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4726. The method of claim 4703, further comprising generating electricity Worn the 
blended synthesis gas using a fuel cell, separating carbon dioxide from a flmd exiting the 
fuel cell, and storing a portion of the separated carbon dioxide within a^ent portion of 
the formation. 

4727. The method of claim 4703, further comprising using at L^ast a portion of the 
blended synthesis gas as a combustion fuel for heating the formation. 

4728. The method of claim 4703, further comprising allowing the heat to transfer from 
the one or more heat sources to the selected section to s)ibstantially uniformly increase a 
permeability of the selected section. 

4729. The method of claim 4703, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability/within the selected section of greater 
than about 100 millidarcy. 

4730. The method of claim 4703, further comnfising heating at least the portion of the 
selected section when providing the synthesis das generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

473 1 . The method of claim 4703, whereiiy the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 



4732. The method of claim 4703, whei/ein heating the first a portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellpores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to sppport reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fliiid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of pe carbon- 
containing material within the zones to produce heat in the zones;^ 
transferring heat from the zones to the selected section. 

4733. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis ga/generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reacti/n of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zfones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4734. The method of claim 4703, wherein heating the first portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing/fluid substantially by convection into the first portion 
of the selected section, wheremihe first portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing/fluid within the first portion of the selected section to 
generate heat and raise the temperature of the first portion. 



4735. The method of claim 4703, wherein heating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting thef oxidizing fluid substantially by convection into the second 
portion of the selected [section, wherein the second portion of the selected section is at a 
temperature sufficient to support an oxidization reaction with the oxidizing fluid; and 
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reacting the oxidizing fluid within the second portion of the selected^ section to 
generate heat and raise the temperature of the second portion. 

4736. The method of claim 4703, wherein the one or more heat soj^irces comprise one or 
more electrical heaters disposed in the formation. 

4737. The method of claim 4703, wherein the one or more ^at sources comprises one 
or more natural distributor combustors. 

4738. The method of claim 4703, wherein the one or m6re heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the corjtiuit by flowing a hot fluid through 
the conduit. 

4739. The method of claim 4703, wherein heatirig the first portion of the selected 
section to a temperature sufficient to allow syntnesis gas generation and providing a first 
synthesis gas generating fluid to the first portiop of the selected section comprises 
introducing steam into the first portion. 

4740. The method of claim 4703, wherein iieating the second portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
second synthesis gas generating fluid to the second portion of the selected section 
comprises introducing steam into the second portion, 

4741 . The method of claim 4703, further comprising controlling the heating of the first 
portion of selected section and provision of the first synthesis gas generating fluid to 
maintain a temperature within the first portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4742. The method of claim 4703/, further comprising controlling the heating of the 
second portion of selected section and provision of the second synthesis gas generating 
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fluid to maintain a temperature within the second portion of the selectM section above 
the temperature sufficient to generate synthesis gas. / 

4743. The method of claim 4703, wherein the first synthesis gds generating fluid 
comprises liquid water. / 

4744. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises liquid water. / 

4745. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises steam. / 

4746. The method of claim 4703, wherein the second synthesis gas generating fluid 
comprises steam. / 

4747. The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected seoiion. 

4748. The method of claim 4747, wherein a portion of the carbon dioxide within the 
first synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. / 

4749. The method of clainV 4703, wherein the second synthesis gas generating fluid 
comprises water and carbon dioxide, wherein the carbon dioxide inhibits production of 
carbon dioxide from the selected section. 

4750. The method of claim 4749, wherein a portion of the carbon dioxide v^thin the 
second synthesis gas generating fluid comprises carbon dioxide removed fi"om the 
formation. / 
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4751 . The method of claim 4703, wherein the first synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portion of the carbon dio^de reacts with carbon 
in the formation to generate carbon monoxide. 

4752. The method of claim 475 1 , wherein a portion of thexarbon dioxide within the 
first synthesis gas generating fluid comprises carbon dio/ide removed from the 
formation. 

4753. The method of claim 4703, wherein the seo6nd synthesis gas generating fluid 
comprises carbon dioxide, and wherein a portior/of the carbon dioxide reacts with carbon 
in the formation to generate carbon monoxide.y 

4754. The method of claim 4753, whereinyQ portion of the carbon dioxide within the 
second synthesis gas generating fluid comprises carbon dioxide removed from the 
formation. 

4755. The method of claim 4703, wMerein providing the first synthesis gas generating 
fluid to the first portion of the selected section comprises raising a water table of the 
formation to allow water to flow irfto the first portion of the selected section. 

4756. The method of claim 4703, wherein providing the second synthesis gas generating 
fluid to the second portion of the selected section comprises raising a water table of the 
formation to allow water to flow into the second portion of the selected section. 



4757. The method of claiifi 4703, wherein the first synthesis gas generating fluid 
comprises water and hydrocarbons having carbon numbers less than 5, and wherein at 
least a portion of the hydyocarbons are subjected to a reaction within the first portion of 
the selected section to increase a H2 concentration within the produced first synthesis gas. 



4758. The method of c 
comprises water and 



aim 4703, wherein the second synthesis gas generating fluid 
hy[drocarbons having carbon numbers less than 5, and wherein at 



952 



Conley, Rose & Tayon, P C. 



least a portion of the hydrocarbons are subjected to a reaction within the second portion 
of the selected section to increase a H2 concentration within the prodjoced second 
synthesis gas. / 

4759. The method of claim 4703, wherein the first synthesis^as generating fluid 
comprises water and hydrocarbons having carbon numbers/greater than 4, and wherein at 
least a portion of the hydrocarbons react within the first portion of the selected section to 
increase an energy content of the produced first synthesis gas. 

4760. The method of claim 4703, wherein the se/ond synthesis gas generating fluid 
comprises water and hydrocarbons having carbc/n numbers greater than 4, and wherein at 
least a portion of the hydrocarbons react within at least the second portion of the selected 
section to increase an energy content of the ysecond produced synthesis gas. 

4761 . The method of claim 4703, furthpr comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced blended synthesis gas 
through a turbine to generate electricity. 

4762. The method of claim 4703^ fijrther comprising generating electricity from the 
blended synthesis gas using a fuel cell. 

4763. The method of claim 4703, further comprising generating electricity from the 
blended synthesis gas using a fiiel cell, separating carbon dioxide from a fluid exiting the 
fuel cell, and storing a port/on of the separated carbon dioxide within a spent section of 
the formation. / 

4764. The method of claim 4703, fiirther comprising using a portion of the blended 
synthesis gas as a combustion ftiel for the one or more heat sources. 

4765. The method 01 claim 4703, further comprising using a portion of the first 
synthesis gas as a combustion fiiel for the one or more heat sources. 
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4766. The method of claim 4703, further comprising using a portion of the second 
synthesis gas as a combustion fuel for the one or more heat sourcesy^ 

4767. The method of claim 4703, further comprising using a/portion of the blended 
synthesis gas as a combustion fuel for the one or more heat/sources. 

4768. A method of treating a hydrocarbon containin^^ formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formation; / 

allowing the heat to transfer from the orie or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons within the sjelected section of the formation; 

producing pyrolysis products frony the formation; 

heating at least a portion of the seflected section to a temperature sufficient to 
generate synthesis gas; / 

controlling a temperature of atAeast a portion of the selected section to generate 
synthesis gas having a selected H2 to /CO ratio; 

providing a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; aad 

producing a portion of the /synthesis gas from the formation. 

4769. The method of claim 4768, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least sonie hydrocarbons within the selected section of the 
formation. / 

4770. The method of claim 4768, wherein the selected ratio is controlled to be 
approximately 2:1 H2to CO. 
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4771. The method of claim 4768, wherein the selected ratio is controUed to range from 
approximately 1 .8: 1 to approximately 2.2: 1 H2 to CO. / 



4772. The method of claim 4768, wherein the selected ratio i^controUed to be 
approximately 3:1 Hato CO. 

4773. The method of claim 4768, wherein the selected/atio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to C07 

4774. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. 

4775. The method of claim 4774, whereig!^ the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch process. 

4776. The method of claim 4775, fumier comprising cracking at least a portion of the 
condensable hydrocarbons to form rmddle distillates. 

4777. The method of claim 4768/ ftirther comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4778. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a nVethanol-synthesis process to produce methanol. 

4779. The method of claim 4768, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 



4780. The method 
the one or more heat 
permeability of the 



of claim 4768, ftirther comprising allowing the heat to transfer from 
sour0es to the selected section to substantially uniformly increase a 
selected section. 
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478 1 . The method of claim 4768, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability within the selected section of greater 
than about 100 millidarcy. / 

4782. The method of claim 4768, further comprising heating at least the portion of the 
selected section when providing the synthesis gas generating fluid to inhibit temperature 
decrease within the selected section during synthesi/gas generation. 

4783 . The method of claim 4768, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4784. The method of claim 4768, whereirl heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein themeaters are configured to raise temperatures of the 
zones to temperatures sufficient to sxipport reaction of carbon-containing material within 
the zones with an oxidizing fluid; / 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. 

4785. The method of claim/4768, wherein heating at least the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation comprises: 

introducing an oxidizing fluid into the formation through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion. 
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4786. The method of claim 4768, wherein the one or more heat sources comprisie one or 
more electrical heaters disposed in the formation. 

4787. The method of claim 4768, wherein the one or mor^^ieat sources comprises one 
or more natural distributor combustors. 

4788. The method of claim 4768, wherein the one o/ more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating theyconduit by flowing a hot fluid through 
the conduit. 

4789. The method of claim 4768, wherein Ideating at least the portion of the selected 
section to a temperature sufficient to alloWsynthesis gas generation and providing a 
synthesis gas generating fluid to at least ^e portion of the selected section comprises 
introducing steam into the portion. 

4790. The method of claim 4768, rarther comprising controlling the heating of at least 
the portion of selected section andypro vision of the synthesis gas generating fluid to 
maintain a temperature within at /east the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

4791 . The method of claim y4768, wherein the synthesis gas generating fluid comprises 
liquid water. 

4792. The method of cl^m 4768, wherein the synthesis gas generating fluid comprises 
steam. 



4793. The method of/claim 4768, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 



dioxide from the sele 



:ted section. 
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4794. The method of claim 4793, wherein a portion of the carbon dioxidfe within the 
synthesis gas generating fluid comprises carbon dioxide removed fronrthe formation. 

4795. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide r^cts with carbon in the 
formation to generate carbon monoxide. / 

4796. The method of claim 4795, wherein a portion c(i the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dio/ide removed from the formation. 

4797. The method of claim 4768, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section cc/mprises raising a water table of the 
formation to allow water to flow into the at l/ast .the portion of the selected section. 

4798. The method of claim 4768, wherdii the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are subjecfted to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 

4799. The method of claim 4768, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons havingycarbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content oy the produced synthesis gas. 

4800. The method of claim 4768, further comprising maintaining a pressure within the 
formation during synthesis gas generation, and passing produced synthesis gas through a 
turbine to generate electmcity. 

4801 . The method of fclaim 4768, further comprising generating electricity from the 
synthesis gas using a fuel cell. 
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4802. The method of claim 4768, further comprising generating eleetricity from the 
synthesis gas using a ftiel cell, separating carbon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide within a spent section of the 
formation. 



4803. The method of claim 4768, further comprising u/mg a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources/ 



u 



10 4804. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat s/urces to at least a portion of the 
formation; 

allowing the heat to transfer from tKe one or more heat sources to a selected 
section of the formation such that the heat from the one or more heat sources pyrolyzes at 
15 least some of the hydrocarbons within me selected section of the formation; 
producing pyrolysis products/from the formation; 

heating at least a portion of/he selected section to a temperature sufficient to 
generate synthesis gas; 

controlling a temperature in or proximate to a synthesis gas production well to 
20 generate synthesis gas having/a selected H2 to CO ratio; 

providing a synthesis? gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation. 



25 4805. The method oy claim 4804, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes eft least some hydrocarbons within the selected section of the 
formation. 



30 4806. The method of claim 4804, wherein the selected ratio is controlled to be 
approximately 2:1 H2to CO. 
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4807. The method of claim 4804, wherein the selected ratio is controlled to range from 
approximately 1.8:1 to approximately 2.2:1 H2 to CO. 

4808. The method of claim 4804, wherein the selected ratio }4 controlled to be 
approximately 3 : 1 H2 to CO. 

4809. The method of claim 4804, wherein the selecte;a ratio is controlled to range from 
approximately 2.8:1 to approximately 3.2:1 H2to C( 

4810. The method of claim 4804, further commsing providing at least a portion of the 
produced synthesis gas to a condensable hydrg^^arbon synthesis process to produce 
condensable hydrocarbons. 

4811. The method of claim 48 1 0, whereiri[ the condensable hydrocarbon synthesis 
process comprises a Fischer-Tropsch procfess. 

48 1 2. The method of claim 48 1 1 , further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 

4813. The method of claim 4804, fvpher comprising providing at least a portion of the 
produced synthesis gas to a catalytic methanation process to produce methane. 

4814. The method of claim 4804/ further comprising providing at least a portion of the 
produced synthesis gas to a methdnol-synthesis process to produce methanol. 



4815. The method of claim 4804, fiuther comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 
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4816. The method of claim 4804, further comprising allowing rfie heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

4817. The method of claim 4804, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeability Whin the selected section of greater 
than about 1 00 millidarcy . / 

48 1 8. The method of claim 4804, further composing heating at least the portion of the 
selected section when providing the synthesis ias generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4819. The method of claim 4804, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4820. The method of claim 4804, Wherein heating at least the portion of the selected 
section to a temperature sufficient /o allow synthesis gas generation comprises: 

heating zones adjacent to ywellbores of one or more heat sources with heaters 
disposed in the wellbores, wherein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 

allowing the oxidizing fluid to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from t^e zones to the selected section. 

4821. The method o: 
section to a temperatt; 

introducing ar 



claim 4804, wherein heating at least the portion of the selected 
re sufficient to allow synthesis gas generation comprises: 
oxidizing fluid into the formation through a wellbore; 
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transporting the oxidizing fluid substantially by convection into tne portion of the 
selected section, wherein the portion of the selected section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and / 

reacting the oxidizing fluid within the portion of the selejaed section to generate 
heat and raise the temperature of the portion. / 

4822. The method of claim 4804, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the formation. / 

4823. The method of claim 4804, wherein the one ot more heat sources comprises one 
or more natural distributor combustors. / 

4824. The method of claim 4804, wherein the j6ne or more heat sources comprise one or 
more heater wells, wherein at least one heater M^ell comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4825. The method of claim 4804, wherein heating at least'the portion of the selected 
section to a temperature sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. / 

4826. The method of claim 4804; further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to genenate synthesis gas. 

4827. The method of claim 4804, wherein the synthesis gas generating fluid comprises 
liquid water. 
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4828. The method of claim 4804, wherein the synthesis gas generating ^uid comprises 
steam. 

4829. The method of claim 4804, wherein the synthesis gas gen^ating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits j^oduction of carbon 
dioxide from the selected section. 

4830. The method of claim 4829, wherein a portion of th^ carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxideremoved from the formation. 

483 1 . The method of claim 4804, wherein the synmesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carh(p. dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4832. The method of claim 483 1, wherein a/portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4833. The method of claim 4804, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into/the at least the portion of the selected section. 

4834. The method of claim 4804/wherein the synthesis gas generatmg fluid comprises 
water and hydrocarbons having oarbon numbers less than 5, and wherein at least a 
portion of the hydrocarbons are/subjected to a reaction within at least the portion of the 
selected section to increase a H2 concentration within the produced synthesis gas. 



4835. The method of clainy4804, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons haying carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the selected section to 
increase an energy content of the produced synthesis gas. 
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4836. The method of claim 4804, further comprising maintaining a pressureMthin the 
formation during synthesis gas generation, and passing produced synthesi^as through a 
turbine to generate electricity. 

4837. The method of claim 4804, further comprising generating ^ctricity from the 
synthesis gas using a fuel cell. 

4838. The method of claim 4804, further comprising gene^ting electricity from the 
synthesis gas using a fuel cell, separating carbon dioxidyfrom a fluid exiting the fuel cell, 
and storing a portion of the separated carbon dioxide ^thin a spent section of the 
formation. 

4839. The method of claim 4804, further compilsing using a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 



4840. A method of treating a hydrocarboi/ containing formation in situ, comprismg: 

providing heat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer fr6m the one or more heat sources to a selected 
section of the formation such that thfe heat from the one or more heat sources pyrolyzes at 
least some of the hydrocarbons wifliin the selected section of the formation; 

producing pyrolysis products from the formation; 

heating at least a portio/ of the selected section to a temperature sufficient to 

generate synthesis gas; 

controlling a temper^e of at least a portion of the selected section to generate 
synthesis gas having a H2 ttfCO ratio different than a selected H2 to CO ratio; 

providmg a synthesis gas generating fluid to at least the portion of the selected 
section to generate synthesis gas; and 

producing synthesis gas from the formation; 

providing at leas/ a portion of the produced synthesis gas to a shift process 
wherein an amount of clrbon monoxide is converted to carbon dioxide; 



Conley, Rose & Tayon, P C. 



separating at least a portion of the carbon dioxide to obtain a gas having a selected 
H2 to CO ratio. / 

4841 . The method of claim 4840, wherein the one or more hea/sources comprise at 
least two heat sources, and wherein superposition of heat frorr/ at least the two heat 
sources pyrolyzes at least some hydrocarbons within the sel/cted section of the 
formation. / 

4842. The method of claim 4840, wherein the selected ratio is controlled to be 
approximately 2:1 H2 to CO. / 

4843. The method of claim 4840, wherein theielected ratio is controlled to range from 
approximately 1.8:1 to 2.2:1 H2to CO. / 

4844. The method of claim 4840, wherein the selected ratio is controlled to be 
approximately 3:1 H2 to CO. / 

4845. The method of claim 4840, wherein the selected ratio is controlled to range from 
approximately 2.8:1 to 3.2:1 H2 to yO. 

4846. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a condensable hydrocarbon synthesis process to produce 
condensable hydrocarbons. / 

4847. The method of cli 
process comprises a Fiscl 

4848. The method of claim 4847, further comprising cracking at least a portion of the 
condensable hydrocarbons to form middle distillates. 



4846, wherein the condensable hydrocarbon synthesis 
br-Tropsch process. 



\ 
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4849. The method of claim 4840, further comprising providing at least a pcmion of the 
produced synthesis gas to a catalytic methanation process to produce metj^e. 

4850. The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a methanol-synthesis process to produce methanol. 

485 1 . The method of claim 4840, further comprising providing at least a portion of the 
produced synthesis gas to a gasoline-synthesis process to produce gasoline. 

4852. The method of claim 4840, further comprising mlowing the heat to transfer from 
the one or more heat sources to the selected section to substantially uniformly increase a 
permeability of the selected section. / 

4853. The method of claim 4840, further comprising controlling heat transfer from the 
one or more heat sources to produce a permeabiMty within the selected section of greater 
than about 100 millidarcy. / 

4854. The method of claim 4840, further comprising heating at least the portion of the 
selected section when providing the syntheps gas generating fluid to inhibit temperature 
decrease within the selected section during synthesis gas generation. 

4855. The method of claim 4840, wherein the temperature sufficient to allow synthesis 
gas generation is within a range from approximately 400 °C to approximately 1200 °C. 

4856. The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperature sufficient lo allow synthesis gas generation comprises: 

heating zones adjacent to wellbores of one or more heat sources v^th heaters 
disposed in the wellbores, wherejln the heaters are configured to raise temperatures of the 
zones to temperatures sufficientf to support reaction of carbon-containing material within 
the zones with an oxidizing fluid; 

introducing the oxidizing fluid to the zones substantially by diffusion; 
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allowing the oxidizing fluid to react with at least a portion of me carbon- 
containing material within the zones to produce heat in the zones; and 
transferring heat from the zones to the selected section. / 

4857. The method of claim 4840, wherein heating at least me portion of the selected 
section to a temperature sufficient to allow synthesis gas reneration comprises: 

introducing an oxidizing fluid into the formatiori through a wellbore; 

transporting the oxidizing fluid substantially by convection into the portion of the 
selected section, wherein the portion of the selecteci section is at a temperature sufficient 
to support an oxidization reaction with the oxidizing fluid; and 

reacting the oxidizing fluid within the portion of the selected section to generate 
heat and raise the temperature of the portion./ 

4858. The method of claim 4840, wherein the one or more heat sources comprise one or 
more electrical heaters disposed in the fprmation. 

4859. The method of claim 4840, Wherein the one or more heat sources comprises one 
or more natural distributor combus/ors. 

4860. The method of claim 4840, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. / 

4861 . The method of claim 4840, wherein heating at least the portion of the selected 
section to a temperaturer sufficient to allow synthesis gas generation and providing a 
synthesis gas generating fluid to at least the portion of the selected section comprises 
introducing steam into the portion. 

4862. The method of claim 4840, further comprising controlling the heating of at least 
the portion of selected section and provision of the synthesis gas generating fluid to 
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maintain a temperature within at least the portion of the selected section a^ve the 
temperature sufficient to generate synthesis gas. 

4863. The method of claim 4840, wherein the synthesis gas gen^ating fluid comprises 
liquid water. 

4864. The method of claim 4840, wherein the synthesis ^s generating fluid comprises 
steam. 

4865. The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon diox^e inhibits production of carbon 
dioxide from the selected section. 

4866. The method of claim 4865, wherein a pc/rtion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 

4867. The method of claim 4840, whereinihe synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of tfie carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. 

4868. The method of claim 4867, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid composes carbon dioxide removed from the formation. 

4869. The method of claim 484y, wherein providing the synthesis gas generating fluid 
to at least the portion of the seleaed section comprises raising a water table of the 
formation to allow water to flow into the at least the portion of the selected section. 



4870. The method of claim/4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons haying carbon numbers less than 5, and wherein at least a 
portion of the hydrocarbon^ are subjected to a reaction within at least the portion of the 



selected section to increase; 



a H2 concentration within the produced synthesis gas. 
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4871 . The method of claim 4840, wherein the synthesis gas generating fluid comprises 
water and hydrocarbons having carbon numbers greater than 4, and wherein at least a 
portion of the hydrocarbons react within at least the portion of the sheeted section to 
increase an energy content of the produced synthesis gas. 



10 



O 

4 



15 



4872. The method of claim 4840, further comprising maint^ning a pressure within the 
formation during synthesis gas generation, and passing pr^uced synthesis gas through a 
turbine to generate electricity. 

4873. The method of claim 4840, further comprisipfg generating electricity from the 
synthesis gas using a fuel cell. 

4874. The method of claim 4840, further con/pnsing generating electricity from the 
synthesis gas using a fuel cell, separating capon dioxide from a fluid exiting the fuel cell, 
and storing a portion of the separated carbj^n dioxide within a spent section of the 
formation. 



20 



4875. The method of claim 4840, further comprising using a portion of the synthesis gas 
as a combustion fuel for the one or ihore heat sources. 



25 



4876. A method of forming a spent portion of formation within a hydrocarbon 
containing formation, comprising: 

heating a first portion pf the formation to pyrolyze hydrocarbons within the first 
portion and to establish a substantially uniform permeability within the first portion; and 

cooling the first ponion. 



30 



4877. The method of clmm 4876, wherein heating the first portion comprises 



transferring heat to the fi 



St portion from one or more electrical heaters. 
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4878. The method of claim 4876, wherein heating the first portion c(yhprises 
transferring heat to the first portion fi-om one or more natural distributor combustors. 

4879. The method of claim 4876, wherein heating the first poraon comprises 
transferring heat to the first portion fi-om one or more flameless distributor combustors. 

4880. The method of claim 4876, wherein heating the first portion comprises 
transferring heat to the first portion fi"om heat transfer fluid flowing within one or more 
wellbores within the formation. / 

4881. The method of claim 4880, wherein the hedt transfer fluid comprises steam. 

4882. The method of claim 4880, wherein the/neat transfer fluid comprises combustion 
products from a burner. / 

4883. The method of claim 4876, wherem heating the first portion comprises 
transferring heat to the first portion fronyat least two heater wells positioned within the 
formation, wherein the at least two heater wells are placed in a substantially regular 
pattern, wherein the substantially regmar pattern comprises repetition of a base heater 
unit, and wherein the base heater umt is formed of a number of heater wells. 

4884. The method of claim 4886, wherein a spacing between a pair of adjacent heater 
wells is within a range from about 6 m to about 15 m. 

4885. The method of clairn/4883, fiirther comprising removing fluid from the formation 
through one or more production wells. 

4886. The method of claim 4885, wherein the one or more production wells are located 
in a pattern, and wherein the one or more production wells are positioned substantially at 
centers of base heater linits. 
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4887. The method of claim 4883, wherein the heater unit comprisesmiree heater wells 
positioned substantially at apexes of an equilateral triangle. / 

4888. The method of claim 4883, wherein the heater unit comprises four heater wells 
positioned substantially at apexes of a rectangle. / 

4889. The method of claim 4883, wherein the heater/unit comprises five heater wells 
positioned substantially at apexes of a regular pentagon. 

4890. The method of claim 4883, wherein tho4ieater unit comprises six heater wells 
positioned substantially at apexes of a regular hexagon. 

4891 . The method of claim 4876, further comprising introducing water to the first 
portion to cool the formation. / 

4892. The method of claim 4876/ fiarther comprising removing steam from the 
formation. / 

4893. The method of claim>4892, further comprising using a portion of the removed 
steam to heat a second portion of the formation. 

4894. The method of ylaim 4876, further comprising removing pyrolyzation products 
from the formation. / 

4895. The method of claim 4876, fiirther comprising generating synthesis gas within the 
portion by introducing a synthesis gas generating fluid into the portion, and removing 
synthesis gas from the formation. 

4896. The method of claim 4876, fiirther comprising heating a second section of the 
formation to pyrolyze hydrocarbons within the second portion, removing pyrolyzation 
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fluid from the second portion, and storing a portion of the removed pyr(jlyzation fluid 
within the first portion. 

4897. The method of claim 4896, wherein the portion of the removed pyrolyzation fluid 
is stored within the first portion when surface facilities that process the removed 
pyrolyzation fluid are not able to process the portion of the removed pyrolyzation fluid. 



10 



g 



15 
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4898. The method of claim 4896, fiirther comprising heating the first portion to 
facilitate removal of the stored pyrolyzation fluid from/the first portion. 

4899. The method of claim 4876, fiirther comprising generating synthesis gas v^thin a 
second portion of the formation, removing synthesis gas from the second portion, and 
storing a portion of the removed synthesis gas within the first portion. 

4900. The method of claim 4899, wherein the portion of the removed synthesis gas from 
the second portion are stored within the first Wortion when surface facilities that process 
the removed synthesis gas are not able to process the portion of the removed synthesis 
gas. 

490 1 . The method of claim 4899, fiirthe/ comprising heating the first portion to 
facilitate removal of the stored synthesis/gas from the first portion. 

4902. The method of claim 4876, fiirlfher comprising removing at least a portion of 
carbon containing material in the firsy portion and, further comprising using at least a 
portion of the carbon containing ma^rial removed from the formation in a metallurgical 
application. 



30 



4903. The method of claim 4902,/ wherein the metallurgical application comprises steel 
manufacturing. 
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4904. A method of sequestering carbon dioxide within a hydrocarboiycontaining 
formation, comprising: 

heating a portion of the formation to increase permeabiHty ^d form a 
substantially uniform permeability within the portion; 
allowing the portion to cool; and 
storing carbon dioxide within the portion. 

4905. The method of claim 4904, wherein the permeability of the portion is increased to 
over 100 millidarcy. 

4906. The method of claim 4904, further comprising raising a water level v^thin the 
portion to inhibit migration of the carbon dioxide from the portion. 



15 



4907. The method of claim 4904, further coniprising heating the portion to release 
carbon dioxide, and removing carbon dioxide/from the portion. 



'% 20 



4908. The method of claim 4904, furtheryfcomprising pyrolyzing hydrocarbons within 
the portion during heating of the portions/and removing pyrolyzation product from the 
formation. 

4909. The method of claim 4904, further comprising producing synthesis gas from the 
portion during the heating of the portion, and removing synthesis gas from the formation. 



25 
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491 0. The method of claim 4904, wherein heating the portion comprises: 

heating carbon containing material adjacent to one or more wellbores to a 
temperature sufficient to suppqrt oxidation of the carbon containing material with an 
oxidizing fluid; 

introducing the oxidi^ng fluid to carbon containing material adjacent to the one 



or more wellbores to oxidize 
conveying produced 



the hydrocarbons and produce heat; and 
leat to the portion. 
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491 1 . The method of claim 4910, wherein heating carbon containing material adjacent 
to the one or more wells comprises electrically heating the carbon^ontaining material. 

4912. The method of claim 4910, wherein the temperatureyaifficient to support 
oxidation is in a range between approximately 200°C to approximately 1200 °C. 

4913. The method of claim 4904, wherein heating the portion comprises circulating heat 
transfer fluid through one or more heating wells vmhin the formation. 

4914. The method of claim 4913, wherein they4ieat transfer fluid comprises combustion 
products from a burner. / 

4915. The method of claim 4913, whereiiy the heat transfer fluid comprises steam. 

4916. The method of claim 4904, further comprising removing fluid from the formation 
during heating of the formation, and combusting a portion of the removed fluid to 
generate heat to heat the formation. / 

4917. The method of claim 4904, mrther comprising using at least a portion of the 
carbon dioxide for hydrocarbon bea demethanation prior to storing the carbon dioxide 
within the portion. / 

4918. The method of claim 4904, fixrther comprising using a portion of the carbon 
dioxide for enhanced oil recovery prior to storing the carbon dioxide within the portion. 



4919. The method of claim ^904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide generated in a fuel cell. 



4920. The method of claim 4904, wherein at least a portion of the carbon dioxide 
comprises carbon dioxide formed as a combustion product. 
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492 1 . The method of claim 4904, further comprising allowing the portion to cool by 
introducing water to the portion; and removing the water from/the formation as steam. 

4922. The method of claim 4921, further comprising uspig the steam as a heat transfer 
fluid to heat a second portion of the formation. 

4923. The method of claim 4904, wherein storing^carbon dioxide in the portion 
comprises adsorbing carbon dioxide to carbon containing material within the formation. 



4924. The method of claim 4904, wherein storing carbon dioxide comprises passing a 
first fluid stream comprising the carbon divide and other fluid through the portion; 
adsorbing carbon dioxide onto carbon c(/ntaining material within the formation; and 
removing a second fluid stream from the formation, wherein a concentration of the other 
fluid in the second fluid stream is greater than concentration of other fluid in the first 

/ 

stream due to the absence of the adsorbed carbon dioxide in the second stream. 



4925. The method of claim 4904, wherein an amoimt of carbon dioxide stored within 
the portion is equal to or greater than an amount of carbon dioxide generated within the 
portion and removed from the formation during heating of the portion. 

4926. The method of clarni 4904, further comprising providing heat from three or more 
heat sources to at least a /portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

4927. The method of claim 4904, further comprising providing heat from three or more 
heat sources to at le/ast a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 



sources compnsesj 
over an area of th^; 



a triangular pattern, and wherein a plurality of the units are repeated 
formation to form a repetitive pattern of units. 
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4928. A method of in situ sequestration of carbon dioxide within a hwrocarbon 
containing formation in situ, comprising: / 

providing heat from one or more heat sources to at least afirst portion of the 
formation; / 

allowing the heat to transfer from one or more sourc^ to a selected section of the 
formation such that the heat from the one or more heat sources pyrolyzes at least some of 
the hydrocarbons within the selected section of the fonnation; 

producing pyrolyzation fluids, wherein the imolyzation fluids comprise carbon 
dioxide; and / 

storing an amount of carbon dioxide in me formation, wherein the amount of 
stored carbon dioxide is equal to or greater thmi an amoimt of carbon dioxide within the 
pyrolyzation fluids. / 

4929. The method of claim 4928, wherein the one or more heat sources comprise at 
least two heat sources, and wherein smerposition of heat from at least the two heat 
sources pyrolyzes at least some hychbcarbons within the selected section of the 
formation. / 

4930. The method of claim 49^28, wherein the carbon dioxide is stored within a spent 
portion of the formation. / 

493 1 . The method of claim 4928, wherein a portion of the carbon dioxide stored within 
the formation is carbon dioxide separated from the pyrolyzation fluids. 

4932. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from the py/olyzation fluids, and using the carbon dioxide as a flooding agent in 
enhanced oil recovery. 

4933. The method of claim 4928, further comprising separating a portion of carbon 
dioxide from tile pyrolyzation fluids, and using the carbon dioxide as a synthesis gas 
generating fluid for the generation of synthesis gas from a section of the formation that is 
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heated to a temperature sufficient to generate synthesis gas upon introduction of the 
synthesis gas generating fluid. 

4934. The method of claim 4928, further comprising separating'''^ a portion of carbon 
dioxide from the pyroiyzation fluids, and using the carbon dijj^xide to displace 
hydrocarbon bed methane. 

4935. The method of claim 4934, wherein the hydro94rbon bed is a deep hydrocarbon 
bed located over 760 m below ground surface. 

4936. The method of claim 4934, further comprj^sing adsorbing a portion of the carbon 
dioxide within the hydrocarbon bed. 

4937. The method of claim 4928, further comprising using at least a portion of the 
pyroiyzation fluids as a feed stream for a fuejf cell. 

4938. The method of claim 4937, wherein the fuel cell generates carbon dioxide, and 
further comprising storing an amount of carbon dioxide equal to or greater than an 
amount of carbon dioxide generated by me fuel cell within the formation. 

4939. The method of claim 4928, wherein a spent portion of the formation comprises 
carbon containing material within a section of the formation that has been heated and 
from which condensable hydrocarbdns have been produced, and wherein the spent 
portion of the formation is at a temperature at which carbon dioxide adsorbs onto the 
carbon containing material. 



4940. The method of claim 4925, further comprising raising a water level within the 
spent portion to inhibit migration of the carbon dioxide from the portion. 



49>8 



494 1 . The method of claim 
comprises removing pyrolyzatic 



, wherein producing fluids from the formation 
n products from the formation. 
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4942. The method of claim 4928, wherein producing fluids fvpm the formation 
comprises heating the selected section to a temperature suffMent to generate synthesis 
gas; introducing a synthesis gas generating fluid into the fleeted section; and removing 
synthesis gas from the formation. 

4943. The method of claim 4942, wherein the teir)|)erature sufficient to generate 
synthesis gas ranges from about 400 °C to about>4200 °C. 

4944. The method of claim 4942, wherein heating the selected section comprises 
introducing an oxidizing fluid into the sele/ted section, reacting the oxidizing fluid within 
the selected section to heat the selected section. 

4945. The method of claim 4942, wherein heating the selected section comprises: 
heating carbon containing material adjacent to one or more wellbores to a 

temperature sufficient to support oxidation of the carbon containing material with an 
oxidant; 

introducing the oxidant t6 carbon containing material adjacent to the one or more 
wellbores to oxidize the hydrocarbons and produce heat; and 
conveying produced heat to the portion. 

4946. The method of claim 4928, wherein the spent portion of the formation comprises 
a substantially uniform permeability created by heating the spent formation and removing 
fluid during formation oil the spent portion. 

4947. The method of claim 4928, wherein the one or more heat sources comprise 
electrical heaters. 



4948. The method of claim 4928, wherein the one or more heat sources comprise 
flameless distribufor combustors. 



\ 
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4949. The method of claim 4948, wherein a portion of fuel for the one or more 
flameless distributor combustors is obtained from the formation. / 



4950. The method of claim 4928, wherein the one or more heat sources comprise heater 
wells in the formation through which heat transfer fluid is oirculated. 

495 1 . The method of claim 4950, wherein the heat tr^sfer fluid comprises combustion 
products. 

4952. The method of claim 4950, wherein the hpat transfer fluid comprises steam. 

4953. The method of claim 4928, wherein condensable hydrocarbons are produced 
under pressure, and fiirther comprising generating electricity by passing a portion of the 
produced fluids through a turbine. 

4954. The method of claim 4928, furthe/ comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in p. unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern/ 



4955. The method of claim 4928, flirther comprising providing heat from three or more 
heat sources to at least a portion of me formation, wherein three or more of the heat 
sources are located in the formaticm in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular partem, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

4956. A method for in situ prc^uction of energy from a hydrocarbon containing 
formation, comprising: 

providing heat from onjb or more heat sources to at least a portion of the 
formation; 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that the heat from the one or more/heat sources pyrolyzes at 
least a portion of the hydrocarbons within the selected sectio^of the formation; 

producing pyrolysis products from the formation; 

providing at least a portion of the pyrolysis prodi^ts to a reformer to generate 
synthesis gas; 

producing the synthesis gas from the reforme/; 

providing at least a portion of the produced Synthesis gas to a fuel cell to produce 
electricity, wherein the fiiel cell produces a carbon dioxide containing exit stream; and 

storing at least a portion of the carbon dpxide in the carbon dioxide containing 
exit stream in a subsurface formation. 

4957. The method of claim 4956, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation. 

4958. The method of claim 4956, Aji^herein at least a portion of the pyrolysis products are 
used as fiiel in the reformer. 

4959. The method of claim 49^6, wherein the synthesis gas comprises substantially of 

H2. 

4960. The method of claim /t956, wherein the subsurface formation is a spent portion of 
the formation. 

4961 . The method of cla/m 4956, wherein the subsurface formation is an oil reservoir. 



4962. The method of c 
as a drive fluid for 



aim 4961, wherein at least a portion of the carbon dioxide is used 
enhaficed oil recovery in the oil reservoir. 



\ 
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4963. The method of claim 4956, wherein the subsurface formation is a hydrocarbon 
formation. / 

4964. The method of claim 4956, wherein at least a portion of the/carbon dioxide is used 
to produce methane from the hydrocarbon formation. / 

4965. The method of claim 4963, wherein the coal formation is located over about 760 
m below ground surface. / 

4966. The method of claim 4964, further comprising Sequestering at least a portion of 
the carbon dioxide within the hydrocarbon formation 

4967. The method of claim 4956, wherein the re/ormer produces a reformer carbon 
dioxide containing exit stream. / 

4968. The method of claim 4966, further comprising storing at least a portion of the 
carbon dioxide in the reformer carbon dioxme containing exit stream in the subsurface 
formation. / 

4969. The method of claim 4968, wherfein the subsurface formation is a spent portion of 
the formation. / 

4970. The method of claim 4968, wherein the subsurface formation is an oil reservoir. 

4971 . The method of claim 4970/ wherein at least a portion of the carbon dioxide in the 
reformer carbon dioxide containing exit stream is used as a drive fluid for enhanced oil 
recovery in the oil reservoir. / 

4972. The method of claim 4968, wherein the subsurface formation is a hydrocarbon 
formation. / 
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4973. The method of claim 4872, wherein at least a portion of the carboiyaioxide in the 
reformer carbon dioxide containing exit stream is used to produce methane from the 
hydrocarbon formation. / 

4974. The method of claim 4972, wherein the hydrocarbon formation is located over 
about 760 m below ground surface. / 

4975. The method of claim 4973, further comprising sequestering at least a portion of 
the carbon dioxide in the reformer carbon dioxide containing exit stream within the 
hydrocarbon formation. / 

4976. The method of claim 4956, wherein the fuel /ell is a molten carbonate fuel cell. 

4977. The method of claim 4956, wherein the mel cell is a solid oxide fuel cell. 

4978. The method of claim 4956, further c(^prising using a portion of the produced 
electricity to power electrical heaters within the formation. 

4979. The method of claim 4956, fur 
pyrolysis products as a feed stream foi 

4980. The method of claim 4956,Avherein the one or more heat sources comprise one or 
more electrical heaters disposed m the formation. 

4981 . The method of claim 4956, wherein the one or more heat sources comprise one or 
more flameless distributor combustors disposed in the formation. 

4982. The method of clajm 498 1 , wherein a portion of fuel for the flameless distributor 
combustors is obtained fifom the formation. 



comprising using a portion of the produced 
^the fixel cell. 
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4983. The method of claim 4956, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating the conduit by flowing/a hot fluid through 
the conduit. 

4984. The method of claim 4956, further comprising using^portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

4985. A method for producing airunonia using a carbon containing formation, 
comprising: 

separating air to produce an O2 rich strearrf and a N2 rich stream; 

heating a selected section of the formatidn to a temperature sufficient to support 
reaction of carbon-containing material in the fo/mation to form synthesis gas; 

providing synthesis gas generating flui^ and at least a portion of the O2 rich 
stream to the selected section; 

allowing the synthesis gas generating^ fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-contai^ng material in the formation to generate 
synthesis gas; 

producing synthesis gas from th^formation, wherein the synthesis gas comprises 
H2 and CO; 

providing at least a portion of /he H2 in the synthesis gas to an ammonia synthesis 
process; 

providing N2 to the ammonfa synthesis process; and 
using the ammonia synthesis process to generate ammonia. 

4986. The method of claim 4985, wherein the ratio of the H2 to N2 provided to the 
ammonia synthesis process is approximately 3:1. 



4987. The method of claim 4985, wherein the ratio of the H2 to N2 provided to the 
ammonia synthesis process renges from approximately 2.8:1 to approximately 3.2:1. 
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4988. The method of claim 4985, wherein the temperature sufficient to /upport reaction 
of carbon-containing material in the formation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

4989. The method of claim 4985, further comprising separating at least a portion of 
carbon dioxide in the synthesis gas from at least a portion of the synthesis gas. 

4990. The method of claim 4989, wherein the carbon di/xide is separated from the 
synthesis gas by an amine separator. 

4991 . The method of claim 4990, further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process to produce urea. 



p. 



4992. The method of claim 4985, wherein ay least a portion of the N2 stream is used to 
15 condense hydrocarbons with 4 or more carbon atoms from a pyrolyzation fluid. 

4993. The method of claim 4985, wherein at least a portion of the N2 rich stream is 
provided to the ammonia synthesis process. 



P 20 



4994. The method of claim 4985, vmerein the air is separated by cryogenic distillation. 



4995. The method of claim 4985/ wherein the air is separated by membrane separation. 

4996. The method of claim 49y85, wherein fluids produced during pyrolysis of a 

25 hydrocarbon containing formation comprise ammonia and, further comprising adding at 
least a portion of such ammqnia to the ammonia generated from the ammonia synthesis 
process. 



30 



4997. The method of claim 4985, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
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hydrotreating, and, further comprising adding at least a portion of such a^hmonia to the 
ammonia generated from the ammonia synthesis process. / 

4998. The method of claim 4985, further comprising providing ^least a portion of the 
ammonia to a urea synthesis process to produce urea. / 

4999. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, /further comprising providing 
carbon dioxide from the formation to the urea synthesisyprocess. 

5000. The method of claim 4985, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising shifting at 
least a portion of the carbon monoxide to carbon dioxide in a shift process, and further 
comprising providing at least a portion of the carbon dioxide from the shift process to the 
urea synthesis process. / 

5001. The method of claim 4985, wherein Keating the selected section of the formation 
to a temperature to support reaction of carbon containing material in the formation to 
form synthesis gas comprises: / 

heating zones adjacent to wellbo/es of one or more heat sources with heaters 
disposed in the wellbores, wherein the neaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containmg material within 
the zones with O2 in the O2 rich stream; 

introducing the O2 to the zones substantially by diffusion; 

allowdng O2 in the O2 rich stream to react with at least a portion of the carbon- 
containing material within the zones to produce heat in the zones; and 

transferring heat from the zones to the selected section. 

5002. The method of claim 5j001, wherein temperatures sufficient to support reaction of 
carbon-containing material within the zones with O2 range from approximately 200 °C to 
approximately 1200 °C. / 
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5003. The method of claim 5001, wherein the one or more heat purees comprises one 
or more electrical heaters disposed in the formation. 

5004. The method of claim 5001, wherein the one or mor94ieat sources comprises one 
or more natural distributor combustors. 

5005. The method of claim 5001, wherein the one o( more heat sources comprise one or 
more heater wells, wherein at least one heater well/comprises a conduit disposed within 
the formation, and further comprising heating tl^ conduit by flowing a hot fluid through 
the conduit. 

5006. The method of claim 5001, furthery^omprising using a portion of the synthesis gas 
as a combustion fuel for the one or more/neat sources. 

5007. The method of claim 4985, wherein heating the selected section of the formation 
to a temperature to support reactioiyof carbon containing material in the formation to 
form synthesis gas comprises: 

introducing the O2 rich sj/team into the formation through a wellbore; 

transporting O2 in the 02 rich stream substantially by convection into the portion 
of the selected section, wherein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 

reacting the O2 witmn the portion of the selected section to generate heat and raise 
the temperature of the po/tion. 

5008. The method of ^laim 5008, wherein the temperature sufficient to support an 
oxidization reaction v/ith O2 ranges from approximately 200 °C to approximately 1200 



5009. The method of claim 5008, wherein the one or more heat sources comprises one 
or more electrical heaters disposed in the formation. 
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5010. The method of claim 5008, wherein the one or more heat sources yComprises one 
or more natural distributor combustors. 

501 1 . The method of claim 5008, wherein the one or more heat so;lrces compnse one or 
more heater wells, wherein at least one heater well comprises a cohduit disposed within 
the formation, and further comprising heating the conduit by flawing a hot fluid through 
the conduit. 

5012. The method of claim 5008, further comprising usi^g a portion of the synthesis gas 
as a combustion fuel for the one or more heat sources. 

5013. The method of claim 4985, further comprisin^controUing the heating of at least 
the portion of the selected section and provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion oj the selected section above the 
temperature sufficient to generate synthesis gas. 

5014. The method of claim 4985, wherein the Synthesis gas generating fluid comprises 
liquid water. 

501 5. The method of claim 4985, wherein t|ie synthesis gas generating fluid comprises 
steam. 

5016. The method of claim 4985, whereat the synthesis gas generating fluid comprises 
water and carbon dioxide wherein the ca/bon dioxide inhibits production of carbon 
dioxide from the selected section. 

5017. The method of claim 5016, wherein a portion of the carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide removed from the formation. 
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5018. The method of claim 4985, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide react/ with carbon in the 
formation to generate carbon monoxide. 

5019. The method of claim 501 8, wherein a portion of th/ carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide /emoved from the formation. 

5020. The method of claim 4985, wherein providing the synthesis gas generating fluid 
to at least the portion of the selected section composes raising a water table of the 
formation to allow water to flow into the at leastihe portion of the selected section. 

502 1 . A method for producing ammonia usjng a carbon containing formation, 
comprising: 

generating a first ammonia feed stream from a first portion of the formation; 

generating a second ammonia feed stream from a second portion of the formation, 
wherein the second ammonia feed stream has a H2 to N2 ratio greater than a H2 to N2 ratio 
of the first ammonia feed stream; 

blending at least a portion of the first ammonia feed stream with at least a portion 
of the second ammonia feed stre^ to produce a blended ammonia feed stream having a 
selected H2 to N2 ratio; 

providing the blended alinmonia feed stream to an ammonia synthesis process; and 

using the ammonia synthesis process to generate ammonia. 

5022. The method of claim 502 1 , wherein the selected ratio is approximately 3:1. 

5023. The method of cpim 5021, wherein the selected ratio ranges from approximately 
2.8:1 to approximately 8.2:1. 



5024. The method of claim 5021, further comprising separating at least a portion of 



carbon dioxide in th 
ammonia feed streanli 



first ammonia feed stream from at least a portion of the first 
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5025. The method of claim 5024, wherein the carbon dioxide is separated from the first 
ammonia feed stream by an amine separator. 

5026. The method of claim 5025, further comprising providin^t least a portion of the 
carbon dioxide to a urea synthesis process. 

5027. The method of claim 5021, further comprising separating at least a portion of 
carbon dioxide in the blended ammonia feed stream fr9m at least a portion of the blended 
ammonia feed stream. 

5028. The method of claim 5027, wherein the cj/lxhon dioxide is separated from the 
blended ammonia feed stream by an amine seppator. 

5029. The method of claim 5028, fixrther comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process/ 

5030. The method of claim 5021 , furtner comprising separating at least a portion of 
carbon dioxide in the second ammonijt feed stream from at least a portion of the second 
ammonia feed stream. 

503 1 . The method of claim 5030/ wherein the carbon dioxide is separated from the 
second ammonia feed stream by an amine separator. 

5032. The method of claim 503 1 , further comprising providing at least a portion of the 
carbon dioxide to a urea synthesis process. 



5033. The method of claim 
hydrocarbon containing formation 
least a portion of such ammoma 
process. 



5021, wherein fluids produced during pyrolysis of a 
ion comprise anmionia and, further comprising adding at 
ia to the ammonia generated from the ammonia synthesis 
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5034. The method of claim 502 1 , wherein fluids produced during pWolysis of a 
hydrocarbon formation are hydrotreated and at least some ammoniaf is produced during 
hydrotreating, and furdier comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

5035. The method of claim 5021, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 



3 



10 5036. The method of claim 502 1, further compri^ng providing at least a portion of the 
ammonia to a urea synthesis process to produce >urea and, further comprising providing 
carbon dioxide from the formation to the urea Synthesis process. 

5037. The method of claim 502 1 , further comprising providing at least a portion of the 
15 ammonia to a urea synthesis process to p/oduce urea and further comprising shifting at 

least a portion of carbon monoxide in the blended ammonia feed stream to carbon dioxide 
in a shift process, and further compris/ng providing at least a portion of the carbon 
dioxide from the shift process to the/urea synthesis process. 



20 



25 



30 



5038. A method for producing ^hmionia using a carbon containing formation, 
comprising: 

heating a selected section of the formation to a temperature sufficient to support 
reaction of carbon-containing material in the formation to form synthesis gas; 

providing a synthesis gas generating fluid and an O2 rich stream to the selected 
section, wherein the amount of N2 in the O2 rich stream is sufficient to generate synthesis 
gas having a selected ratio of H2 to N2; 

allowing the syntnesis gas generating fluid and O2 in the O2 rich stream to react 
with at least a portion of the carbon-containing material in the formation to generate 



synthesis gas having a 



elected ratio of H2 to N2; 



producing the synthesis gas from the formation; 
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providing at least a portion of the H2 and N2 in the synthesis 
synthesis process; / 
using the ammonia synthesis process to generate ammoma. 



las to an ammonia 



5039. The method of claim 5038, further comprising controlling a temperature of at 
least a portion of the selected section to generate synthei^s gas having the selected H2 to 
N2 ratio. 

5040. The method of claim 503 8, wherein the selected ratio is approximately 3:1. 

5041 . The method of claim 5038, wherein the /elected ratio ranges from approximately 
2.8:1 to 3.2:1. 

5042. The method of claim 5038, wherein^the temperature sufficient to support reaction 
of carbon-containing material in the fomiation to form synthesis gas ranges from 
approximately 400 °C to approximately 1200 °C. 

5043. The method of claim 5038, yherein the O2 stream and N2 stream are obtained by 
cryogenic separation of air. 

5044. The method of claim 50p8, wherein the O2 stream and N2 stream are obtained by 
membrane separation of air. 

5045. The method of claim 5038, further comprising separating at least a portion of 
carbon dioxide in the synmesis gas from at least a portion of the synthesis gas. 



5046. The method of claim 5045, wherein the carbon dioxide is separated from the 
synthesis gas by an amme separator. 



5047. The method 
carbon dioxide to a 



of claim 5046, further comprising providing at least a portion of the 
ur0a synthesis process. 



\ 
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5048. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation comprise ammonia and, further comprising adding ^t 
least a portion of such ammonia to the ammonia generated from tho^ammonia synthesis 
process. / 

5049. The method of claim 5038, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and further comprising adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis proces/. 

5050. The method of claim 5038, further comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce unea. 

505 1 . The method of claim 5038, further con^rising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, further comprising providing 
carbon dioxide from the formation to the unea synthesis process. 

5052. The method of claim 5038, furth/r comprising providing at least a portion of the 
ammonia to a urea synthesis process to/produce urea and further comprising shifting at 
least a portion of carbon monoxide irythe synthesis gas to carbon dioxide in a shift 
process, and further comprising providing at least a portion of the carbon dioxide from 
the shift process to the urea synthesis process. 

5053. The method of claim 5018, wherein heating a selected section of the formation to 
a temperature to support reaction of carbon containing material in the formation to form 
synthesis gas comprises: / 

heating zones adjacem to wellbores of one or more heat sources with heaters 
disposed in the wellbores, wnerein the heaters are configured to raise temperatures of the 
zones to temperatures sufficient to support reaction of carbon-containing material within 
the zones with O2 in the Oirich stream; 
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introducing the O2 to the zones substantially by diffusion; 
allowing O2 in the O2 rich stream to react with at least a porti6n of the carbon- 
containing material within the zones to produce heat in the zonesy4nd 
transferring heat from the zones to the selected section. 

5054. The method of claim 5053, wherein temperatures sufificient to support reaction of 
carbon-containing material within the zones with O2 rang/C from approximately 200 °C to 
approximately 1200 °C. 

5055. The method of claim 5053, wherein the one/or more heat sources comprises one 
or more electrical heaters disposed in the formation. 

5056. The method of claim 5053, wherein tlje one or more heat sources comprises one 
or more natural distributor combustors. 

5057. The method of claim 5053, wherein the one or more heat sources comprise one or 
more heater wells, wherein at least one Aeater well comprises a conduit disposed within 
the formation, and fiirther comprising/heating the conduit by flowing a hot fluid through 
the conduit. 

5058. The method of claim 5053^ fiirther comprising using a portion of the synthesis gas 
as a combustion fiiel for the one/or more heat sources. 



5059. The method of claim 5X)38, wherein heating the selected section of the formation 
to a temperature to support reaction of carbon containing material in the formation to 
form synthesis gas comprises: 

introducing the O2 rich stream into the formation through a wellbore; 

transporting O2 in me O2 rich stream substantially by convection into the portion 
of the selected section, vmerein the portion of the selected section is at a temperature 
sufficient to support an oxidization reaction with O2 in the O2 rich stream; and 
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reacting the O2 within the portion of the selected section to generic heat and raise 
the temperature of the portion. 

5060. The method of claim 5059, wherein the temperature sufficient to support an 
oxidization reaction with O2 ranges from approximately 200 °C/o approximately 1200 
°C. 

5061 . The method of claim 5059, wherein the one or mgre heat sources comprises one 
or more electrical heaters disposed in the formation. 

5062. The method of claim 5059, wherein the one (fx more heat sources comprises one 
or more natural distributor combustors. 

5063. The method of claim 5059, wherein the o/ne or more heat sources comprise one or 
more heater wells, wherein at least one heater well comprises a conduit disposed within 
the formation, and further comprising heating^he conduit by flowing a hot fluid through 
the conduit. 

5064. The method of claim 5059, further/comprising using a portion of the synthesis gas 
as a combustion fuel for the one or more^ieat sources. 

5065. The method of claim 5038, furmer comprising controlling the heating of at least 
the portion of the selected section ana provision of the synthesis gas generating fluid to 
maintain a temperature within at least the portion of the selected section above the 
temperature sufficient to generate synthesis gas. 

5066. The method of claim 503 jl, wherein the synthesis gas generating fluid comprises 
liquid water. 



5067. The method of claim 5C 
steam. 



18, wherein the synthesis gas generating fluid comprises 
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5068. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
water and carbon dioxide, wherein the carbon dioxide inhibits production of carbon 
dioxide from the selected section. / 



5069. The method of claim 5068, wherein a portion of tM carbon dioxide within the 
synthesis gas generating fluid comprises carbon dioxide /removed from the formation. 

5070. The method of claim 5038, wherein the synthesis gas generating fluid comprises 
carbon dioxide, and wherein a portion of the carbon dioxide reacts with carbon in the 
formation to generate carbon monoxide. / 

5071 . The method of claim 5070, wherein a/portion of the carbon dioxide within the 
synthesis gas generating fluid comprises capon dioxide removed from the formation. 

5072. The method of claim 5038, whercin providing the synthesis gas generating fluid 
to at least the portion of the selected section comprises raising a water table of the 
formation to allow water to flow into/the at least the portion of the selected section. 

5073. A method for producing ammonia using a carbon containing formation, 
comprising: / 

providing a first streamycomprising N2 and carbon dioxide to the formation; 

allowing at least a portion of the carbon dioxide in the first stream to adsorb in the 
formation; / 

producing a secondystream from the formation, wherein the second stream 
comprises a lower percentage of carbon dioxide than the first stream; 

providing at leas/ a portion of the N2 in the second stream to an ammonia 
synthesis process. / 

5074. The method or claim 5073, wherein the second stream comprises H2 from the 
formation. / 
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5075. The method of claim 5073, wherein the first stream is prodjK^ed from a carbon 
containing formation. / 

5076. The method of claim 5075, wherein the first stream is generated by reacting a 
oxidizing fluid with carbon containing material in the fornration. 

5077. The method of claim 5073, wherein the second/stream comprises H2 fi'om the 
formation and, fiirther comprising providing such H2/0 the ammonia synthesis process. 

5078. The method of claim 5073, fiirther compri/ing using the ammonia synthesis 
process to generate ammonia. / 

5079. The method of claim 5078, wherein fluids produced during pyrolysis of a 
hydrocarbon containing formation compris^ammonia and, fiirther comprising adding at 
least a portion of such ammonia to the anmionia generated from the ammonia synthesis 
process. / 

5080. The method of claim 5078, wherein fluids produced during pyrolysis of a 
hydrocarbon formation are hydrotreated and at least some ammonia is produced during 
hydrotreating, and fiirther compri^ng adding at least a portion of such ammonia to the 
ammonia generated from the ammonia synthesis process. 

5081. The method of claim 5^078, fiirther comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea. 

5082. The method of claim 5078, fiirther comprising providing at least a portion of the 
ammonia to a urea synthesis process to produce urea and, fiirther comprising providing 
carbon dioxide from the formation to the urea synthesis process. 
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5083 . The method of claim 5078, further comprising providing at /east a portion of the 
ammonia to a urea synthesis process to produce urea and further comprising shifting at 
least a portion of carbon monoxide in the synthesis gas to carb<m dioxide in a shift 
process, and further comprising providing at least a portion pi the carbon dioxide from 

5 the shift process to the urea synthesis process. / 

5084. A method of treating a hydrocarbon containinff^^ permeable formation in situ, 
comprising: / 

providing heat from one or more heat sour/es to at least one portion of the 
10 permeable formation; / 

allov^ing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of me hydrocarbons within the selected 
mobilization section of the permeable fomiation; 
15 controlling the heat from the on^^ or more heat sources such that an average 

temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150^C; 

allowing the heat to transfe/ from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
20 heat sources can pyrolyze at leapt some of the hydrocarbons within the selected 
pyrolyzation section of the pemieable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than about 375°C; and 
25 producing a mixture from the permeable formation. 

5085. The method oy claim 5084, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobiliafe at least some of the hydrocarbons within the selected mobilization 

30 section of the pemieable formation. 
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5086. The method of claim 5084, wherein the one or more heat sources/comprise at 
least two heat sources, and wherein superposition of heat from the one/or more heat 
sources can mobilize at least some of the hydrocarbons within the sheeted pyrolyzation 
section of the permeable formation. 

5087. The method of claim 5084, wherein the one or more ^eat sources comprise 
electrical heaters. 

5088. The method of claim 5084, wherein the one or/more heat sources comprise 
surface bumers. 

5089. The method of claim 5084, wherein the oi/e or more heat sources comprise 
flameless distributed combustors. 

5090. The method of claim 5084, wherein thj( one or more heat sources comprise natural 
distributed combustors. 

5091. The method of claim 5084, further aomprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5092. The method of claim 5084, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature/ or the temperature is controlled as a function of 
pressure. 

5093. The method of claim 5084, fmrther comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 



5094. The method of claim 5084,1 wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 
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from the one or more heat sources, wherein the formation has an/average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some ^drocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volura9^is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 

wherein Pwr is the heating energy/day, A is an aiverage heating rate of the 
formation, pB is formation bulk density, and where^ the heating rate is less than about 10 
°C/day. 

5095. The method of claim 5084, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5096. The method of claim 5084, wh^ein producing the mixture from the permeable 
formation fiirther comprises producing mixture having an API gravity of at least about 
25°. 

5097. The method of claim 5084^ wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 0.5 % by weight, of the condensable 
hydrocarbons, when calculatecv on an atomic basis, is nitrogen. 

5098. The method of clainy5084, wherein the produced mixture comprises condensable 
hydrocarbons, and whereinAess than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 



5099. The method of claim 5084, wherein the produced mixture comprises sulfur, and 
wherein less than about/5 % by weight, of the condensable hydrocarbons, when 
calculated on an atomiq basis, is sulfur. 
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5 100. The method of claim 5084, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. / 

5101. The method of claim 5084, further comprising altering a i(ressure within the 
permeable formation to inhibit production of hydrocarbons froin the permeable formation 
having carbon numbers greater than about 25. / 

5102. The method of claim 5084, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons within 
the section; and / 

heating a portion of the section v^th heat fromynydrogenation. 

5103. The method of claim 5084, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method furtherycomprising hydrogenating a portion of 
the produced condensable hydrocarbons with a/ least a portion of the produced hydrogen. 

5104. The method of claim 5084, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture/can be produced from the permeable 
formation, and wherein at least about 4 h^at sources are disposed in the permeable 
formation for each production well. / 

5105. The method of claim 5084, wHerein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the rnixture can be produced from the permeable 
formation, and wherein the produciion well is disposed substantially horizontally wdthin 
the permeable formation. / 

5106. The method of claim 508.4, further comprising separating the mixture into a gas 
stream and a liquid stream. 
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5107. The method of claim 5084, further comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into pi aqueous stream and a 
non-aqueous stream. 

5 108. The method of claim 5084, wherein the mixture isy^roduced from a production 
well, the method further comprising heating a wellbore/f the production well to inhibit 
condensation of the mixture within the wellbore. 

5109. The method of claim 5084, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well Comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater elemertf to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5110. The method of claim 5084, wh^ein a minimum mobilization temperature is about 
75 °C. 

5111. The method of claim 5084,/wherein a minimum pyrolysis temperature is about 
270 °C. 

5112. The method of claim 5(^84, further comprising maintaining the pressure within the 
permeable formation above apout 2 bar absolute to inhibit production of fluids having 
carbon numbers above 25. 



5113. The method of claim 5084, further comprising controlling pressure within the 
permeable formation in grange from about atmospheric pressure to about 100 bar 
absolute, as measured ay a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensple fluids, and wherein the pressure is increased to increase 
production of non-cor/densable fluids. 
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5 1 14. The method of claim 5084, further comprising controlling pressui?e within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to controLan API gravity of 
condensable fluids within the mixture, wherein the pressure is recced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5115. The method of claim 5084, wherein mobilizing thp hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5116. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. 

5117. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured toAncrease a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the pem^feable formation, and wherein the gas comprises 
carbon dioxide. 

5118. The method of claim 5084, father comprising providing a gas to the permeable 
formation, wherein the gas is configixred to increase a flow of the mobilized 
hydrocarbons from the selected m^x)ilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
nitrogen. 



5119. The method of claim 5084, fiarther comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
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controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. 

5120. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the^permeable formation to the 
selected pyrolyzation section of the permeable formation; the method further comprising 
controlling a pressure of the provided gas such that the/flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of t^e provided gas is above about 2 bar 
absolute. 

5121. The method of claim 5084, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization iection of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the i^/essure of the provided gas is below about 70 
bar absolute. 

5 122. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least one portion of the 
permeable formation; j 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at leist some of the hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a/majority of the selected mobilization section of the 



permeable formation is less 



fthan about 150°C; 
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allowing the heat to transfer from the one or more heat sources/to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons withiii the selected 
pyrolyzation section of the permeable formation; / 

controlling the heat from the one or more heat sources/^uch that an average 
temperature within at least a majority of the selected pyrolwation section of the 
permeable formation is less than about 375°C; / 

allowing at least some of the mobilized hydrocaftons to flow from the selected 
mobilization section of the permeable formation to tht selected pyrolyzation section of 
the permeable formation; and / 

producing a mixture from the permeable formation. 

5 1 23. The method of claim 5 1 22, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. / 

5124. The method of claim 5122, wherein/the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at least some of the Hydrocarbons within the selected pyrolyzation 
section of the permeable formation. / 

5 125. The method of claim 5 122, wheipin the one or more heat sources comprise 
electrical heaters. / 

5 126. The method of claim 5 122, wnerein the one or more heat sources comprise 
surface bumers. / 

5 127. The method of claim 5 122, wherein the one or more heat sources comprise 
flameless distributed combustors. 
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5 128. The method of claim 5 122, wherein the one or more hejk sources comprise natural 
distributed combustors. 

5 129. The method of claim 5 122, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5 130. The method of claim 5 122, further comprising controlling a pressure and a 
temperature within at least a majority of the permeaole formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 

5131. The method of claim 5 122, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyza/ion section is less than about 15 °C/day 
during pyrolysis. 

5132. The method of claim 5 122, wherein providing heat from the one or more heat 
sources to at least the portion of permea/ble formation comprises: 

heating a selected volume (V)pf the hydrocarbon containing permeable formation 
from the one or more heat sources, vynerein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by th^ equation: 

Pwr = hW^Cv'^pa 

wherein Pwr is the heatifig energy/day, A is an average heating rate of the 
formation, pB is formation bi^k density, and wherein the heating rate is less than about 10 
°C/day. 



5133. The method of claim 5 1 22, wherein allov^ng the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transfer ing heat substantially by conduction. 
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5 134. The method of claim 5 122, wherem producing the mixture from the permeable 
formation further comprises producing a mixture having an API gra/ity of at least about 
25^ / 

5135. The method of claim 5 122, wherein the produced mimire comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight!, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nim)gen. 

5136. The method of claim 5 1 22, wherein the prodvlced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by /weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

5 137. The method of claim 5 122, wherein thi produced mixture comprises condensable 
hydrocarbons, and wherein less than about SP/o by weight, of the condensable 
hydrocarbons, when calculated on an atomip basis, is sulfur. 

5138. The method of claim 5 122, further comprising controlling a pressure within at 
least a majority of the permeable formamon, wherein the controlled pressure is at least 
about 2 bar absolute. 

5139. The method of claim 5122, 
permeable formation to inhibit proi 
having carbon numbers greater tha 

5 140. The method of claim 5 1£2, further comprising: 

providing hydrogen (H2)to the heated section to hydrogenate hydrocarbons wdthin 
the section; and / 

heating a portion of the/section with heat from hydrogenation. 



ther comprising altering a pressure within the 
luction of hydrocarbons from the permeable formation 
about 25. 
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5141. The method of claim 5 122, wherein the produced mixture comprisesxondensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 142. The method of claim 5 122, wherein producing the mixture Jfrom the permeable 
formation further comprises producing mixture in a production Well, wherein the heating 
is controlled such that the mixture can be produced from the permeable formation, and 
wherein at least about 4 heat sources are disposed in the peimeable formation for each 
production well. / 

5143. The method of claim 5 1 22, wherein producing/ihe mixture from the permeable 
formation further comprises producing mixture in a production well, wherein the heating 
is controlled such that the mixture can be produce J from the permeable formation, and 
wherein the production well is disposed substantially horizontally within the permeable 
formation. / 

5 1 44. The method of claim 5 1 22, further C)6mprising separating the mixture into a gas 
stream and a liquid stream. / 

5 145. The method of claim 5 122, furtMer comprising separating the mixture into a gas 
stream and a liquid stream and separanng the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

5 1 46. The method of claim 5 1 2% wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture wmiin the wellbore. 

5147. The method of claim5122, wherein the mixture is produced from a production 
well, wherein a wellbore of Ahe production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
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permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. / 

5 148. The method of claim 5 122, wherein a minimum mobiliz^ion temperature is about 
75 °C. / 

5 149. The method of claim 5 122, wherein a minimum pyrolysis temperature is about 
270 °C. / 

5150. The method of claim 5 1 22, further comprising maintaining the pressure within the 
permeable formation above about 2 bar absolute t6 inhibit production of fluids having 
carbon numbers above 25 . / 

5151. The method of claim 5 1 22, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a p/oduction well, to control an amount of 
condensable fluids within the mixture, Wierein the pressure is reduced to increase 
production of condensable fluids, and Wherein the pressure is increased to increase 
production of non-condensable fluids./ 

5152. The method of claim 5 1 22, mrther comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the nyxture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5153. The method of claim 6 1 22, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5 1 54. The method of claim 5 1 22, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
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hydrocarbons from the selected mobilization section of the permeabl^ormation to the 
selected pyrolyzation section of the permeable formation. 

5155. The method of claim 5122, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of/the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, jmd wherein the gas comprises 
carbon dioxide. 



10 5 1 56. The method of claim 5 122, further comprisina/providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable foijmation, and wherein the gas comprises 
nitrogen. 

15 

5157. The method of claim 5 1 22, further comprising providing a gas to the permeable 
p formation, wherein the gas is configured to increase a flow of the mobilized 

L, hydrocarbons from the selected mobilization section of the permeable formation to the 

J selected pyrolyzation section of the permeable formation, the method further comprising 

^ 20 controlling a pressure of the provided ga/ such that the flow of the mobilized 
Q hydrocarbons is controlled. 



25 



5158. The method of claim 5122, fuhher comprising providing a gas to the permeable 
formation, wherein the gas is confi enured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wl^rein the pressure of the provided gas is above about 2 bar 
absolute. 
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5 1 59. The method of claim 5 122, further comprising providing a gas to/me permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeaMe formation to the 
selected pyrolyzation section of the permeable formation, the mefliod further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled, wherein the pressure of the provided gas is below about 100 
bar absolute. 

5160. A method of treating a hydrocarbon containij/g permeable formation in situ, 
comprising: 

providing heat from one or more heat soijf'ces to at least one portion of the 
permeable formation; 

allowing the heat to transfer from the dne or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of tne hydrocarbons within the selected 
mobilization section of the permeable fomiation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority of me selected mobilization section of the 
permeable formation is less than about pO°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons within the selected 
pyrolyzation section of the permeame formation; 

controlling the heat from tMe one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less thaiyabout 375°C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the perpieable formation to the selected pyrolyzation section of 
the permeable formation; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 



1010 



Conley. Rose & Tayon, P.C. 



the permeable formation to the selected pyrolyzation section of the peipeable formation; 
and 

producing a mixture from the permeable formation. 

5161. The method of claim 5 1 60, wherein the one or more heaii sources comprise at 
least two heat sources, and wherein the heat from the one or more heat sources can 
mobilize at least some of the hydrocarbons within the sele9ied mobilization section of the 
permeable formation. 

5 1 62. The method of claim 5 1 60, wherein the one oi more heat sources comprise at 
least two heat sources, and wherein the heat from the one or more heat sources can 
pyrolyze at least some of the hydrocarbons withi^f the selected pyrolyzation section of the 
permeable formation. 

5 1 63 . The method of claim 5 1 60, wherein ^e one or more heat sources comprise 
electrical heaters. 

5164. The method of claim 5160, whe/ein the one or more heat sources comprise 
surface burners. 

5165. The method of claim 5 1 60,/vherein the one or more heat sources comprise 
flameless distributed combustors.. 

5 1 66. The method of claim 5 y60, wherein the one or more heat sources comprise natural 
distributed combustors. 



5 1 67. The method of claim 5 1 60, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 



5168. The method of cMm 
temperature within at leas t 



5 160, further comprising controlling a pressure and a 
a majority of the permeable formation, wherein the pressure is 
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controlled as a function of temperature, or the temperature is controlled as a fljpKtion of 
pressure. 

5 1 69. The method of claim 5 160, further comprising controlling thQ4ieat such that an 
average heating rate of the selected pyrolyzation section is less th^ about 15 °C/day 
during pyrolysis. 

5 1 70. The method of claim 5 1 60, wherein providing hea/ from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (V) of the hydrocaroon containing permeable formation 
from the one or more heat sources, wherein the fomiation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes At least some hydrocarbons within the 
selected volume of the formation; and 

wherein heating energy/day provide^^to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation./ 

Pwr = hW^Cy^pB 

wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, pe is formation bulk densi^, and wherein the heating rate is less than about 10 
°C/day. 

5171. The method of claim 5 1^0, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5 1 72. The method of claim 5 1 60, wherein producing mixture from the permeable 
formation further comprises producing mixture having an API gravity of at least about 
25°. 

5173. The method of claim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 
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5 1 74. The method of claim 5 1 60, wherein the produced mixture compfrises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the coridensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. / 

5175. The method of claim 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weightyof the condensable 
hydrocarbons, when calculated on an atomic basis, is sulrur. 

5 1 76. The method of claim 5 1 60, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. / 

5 1 77. The method of claim 5 1 60, furtheryComprising altering a pressure within the 
permeable formation to inhibit production of hydrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

5178. The method of claim 5 1 60,/turther comprising: 

providing hydrogen (H2) to/the heated section to hydrogenate hydrocarbons within 
the section; and / 

heating a portion of the section with heat from hydrogenation. 

5 1 79. The method of clami 5 1 60, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5 1 80. The method of claim 5 1 60, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherem the 
heating is controll/d such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 
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5181. The method of claun 5 1 60, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production v^ell, wherein the 
heating is controlled such that the mixture can be produced from/the permeable 
formation, and wherein the production well is disposed substa^ially horizontally within 
the permeable formation. 



10 



5182. The method of claim 5 1 60, further comprising ^parating the mixture into a gas 
stream and a liquid stream. 

5183. The method of claim 5 1 60, further compri^sing separating the mixture into a gas 
stream and a liquid stream and separating the lijZiuid stream into an aqueous stream and a 
non-aqueous stream. 



J 1 5 5 1 84. The method of claim 5 1 60, wherein Ahe mixture is produced from a production 
O well, the method further comprising heatii/g a wellbore of the production well to inhibit 

g condensation of the mixture within the wellbore. 

Q / 

S ■ .5185. The method of claim 5 1 60, wherein the mixture is produced from a production 

20 well, wherein a wellbore of the produption well comprises a heater element configured to 
O heat the permeable formation adjacent to the wellbore, and further comprising heating the 

^ permeable formation with the heatefr element to produce the mixture, wherein the mixture 

comprise non-condensable hydrocarbons and H2. 

25 5 1 86. The method of claim 5 1 ^0, wherein a minimum mobilization temperature is about 
75 °C. 



30 



5187. The method of claim S 1 60, wherein a minimum pyrolysis temperature is about 
270 °C. 



V 
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5188. The method of claim 5 1 60, further comprising maintaining the ptessure within the 
permeable formation above about 2 bar absolute to inhibit productioryof fluids having 
carbon numbers above 25. / 

5 1 89. The method of claim 5 1 60, further comprising contromng pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production wellyio control an amount of 
condensable fluids within the mixture, wherein the pre^ure is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. / 

5 1 90. The method of claim 5 1 60, further comprising controlling pressure within the 
permeable formation in a range from about ajftnospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a prciduction well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure i^ increased to reduce the API gravity. 

5191. The method of claim 5 1 60, Wherein mobilizing the hydrocarbons v^thin the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5192. The method of claim 5160, wherein the provided gas comprises carbon dioxide. 

5 1 93 . The method of claim b 1 60, wherein the provided gas comprises nitrogen. 

5 1 94. The method of claim 5 1 60, further comprising controlling a pressure of the 
provided gas such that Xht flow of the mobilized hydrocarbons is controlled. 

5195. The method of claim 5160, further comprising controlling a pressure of the 
provided gas such thatf the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 
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5 1 96. The method of claim 5 1 60, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 100 bar absolute. 



^5 20 

□ 



5 5 1 97. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: 

providing heat from one or more heat soiq;6es to at least one portion of the 
permeable formation; 

allowing the heat to transfer from the ohe or more heat sources to a selected 
10 mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some of tne hydrocarbons within the selected 
mobilization section of the permeable formation; 

controlling the heat from the one or more heat sources such that an average 
temperature within at least a majority ofAhe selected mobilization section of the 
15 permeable formation is less than about 150°C; 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation such that the heat from the one or more 
heat sources can pyrolyze at least some of the hydrocarbons v^thin the selected 
pyrolyzation section of the permeame formation; 

controlling the heat from tne one or more heat sources such that an average 
temperature within at least a majority of the selected pyrolyzation section of the 
permeable formation is less than/about 375°C; 

allowing at least some of the mobilized hydrocarbons to flow from the selected 
mobilization section of the perpieable formation to the selected pyrolyzation section of 
25 the permeable formation; 

providing a gas to the' permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons from the selected mobilization section of 
the permeable formation tofthe selected pyrolyzation section of the permeable formation; 
controlling a pressiire of the provided gas such that the flow of the mobilized 
30 hydrocarbons is controlled; and 

producing a mixture from the permeable formation. 
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5 198. The method of claim 5 197, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat fromyUie one or more heat 
sources can mobilize at least some of the hydrocarbons with^ the selected mobilization 
section of the permeable formation. 

5 1 99. The method of claim 5 1 97, wherein the one or/more heat sources comprise at 
least two heat sources, and wherein superposition of4ieat from the one or more heat 
sources can pyrolyze at least some of the hydrocarjbons within the selected pyrolyzation 
section of the permeable formation. 

5200. The method of claim 5 197, wherein t^e one or more heat sources comprise 
electrical heaters. 

5201. The method of claim 5 1 97, whe^in the one or more heat sources comprise 
surface burners. 

5202. The method of claim 5197, j^herein the one or more heat sources comprise 
flameless distributed combustors. 

5203. The method of claim 5 ^7, wherein the one or more heat sources comprise natixral 
distributed combustors. 

5204. The method of claim 5 197, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 



5205. The method of cyaim 5 1 97, further comprising controlling a pressure and a 
temperature within at least a majority of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. 



1017 



Coniey, Rose & Tayon, P.C. 



5206. The method of claim 5 197, further comprising controlling the heat^ch that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. / 

5207. The method of claim 5 1 97, wherein providing heat fron/ the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (F) of the hydrocarbon comtaining permeable formation 
from the one or more heat sources, wherein the formatioi/has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least/some hydrocarbons within the 
selected volume of the formation; and / 

wherein heating energy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: / 

Pwr = hW^Cy'^PB / 
wherein Pwr is the heating energy/day, his an average heating rate of the 
formation, ps is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

5208. The method of claim 5197, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section and/or the selected pyrolyzation 
section comprises transferring heat substantially by conduction. 

5209. The method of claim 5197, wMerein producing the mixture from the permeable 
formation further comprises producmg mixture having an API gravity of at least about 
25°. / 

5210. The method of claim 5 197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein lessithan about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated/on an atomic basis, is nitrogen. 
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521 1. The method of claim 5197, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 7 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is oxygen. 

521 2. The method of claim 5 197, wherein the produced mixture>comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight, of tl^ condensable 
hydrocarbons, when calculated on an atomic basis, is sulfur. 

5213. The method of claim 5197, further comprising comroUing a pressure within at 
least a majority of the permeable formation, wherein th^'^controlled pressure is at least 
about 2 bar absolute. 

5214. The method of claim 5 197, further comprising altering a pressure within the 
permeable formation to inhibit production of hycjrocarbons from the permeable formation 
having carbon numbers greater than about 25. 

52 1 5 . The method of claim 5 1 97, further comprising: 
providing hydrogen (H2) to the heate^ section to hydrogenate hydrocarbons within 

the section; and 

heating a portion of the section with heat from hydrogenation. 

5216. The method of claim 5 1 97, wMerein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the memod further comprising hydrogenating a portion of 
the produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

5217. The method of claim 5 1 97, wherein producing the mixture from the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that l!he mixture can be produced from the permeable 
formation, and wherein at leas^ about 4 heat sources are disposed in the permeable 
formation for each production well. 
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5218. The method of claim 5 1 97, wherein producing the mixture from the4)ermeable 
formation further comprises producing the mixture in a production well, )^herein the 
heating is controlled such that the mixture can be produced from the pefrmeabie 
formation, and wherein the production well is disposed substantialiynorizontally within 
the permeable formation. / 

5219. The method of claim 5 1 97, further comprising separating the mixture into a gas 
stream and a liquid stream. / 

5220. The method of claim 5 1 97, further comprising ^parating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5221. The method of claim 5197, wherein the 
well, the method further comprising heating a v 
condensation of the mixture within the wellbod 

5222. The method of claim 5 197, wherein me mixture is produced from a production 
well, wherein a wellbore of the productionywell comprises a heater element configured to 
heat the permeable formation adjacent to me wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. 

5223. The method of claim 5 197, wherein a minimum mobilization temperature is about 
75 X. / 

5224. The method of claim 5 197, wherein a minimum pyrolysis temperature is about 
270 °C. / 



ixture is produced from a production 
bllbore of the production well to inhibit 
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5225. The method of claim 5 1 97, further comprising maintaining the pr^sure within the 
pemieable formation above about 2 bar absolute to inhibit production q(t fluids having 
carbon numbers above 25. / 

5226. The method of claim 5 197, further comprising controlling pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amoimt of 
condensable fluids within the mixture, wherein the pres;^e is reduced to increase 
production of condensable fluids, and wherein the pressure is increased to increase 
production of non-condensable fluids. / 

5227. The method of claim 5 197, further com/rising controUmg pressure within the 
permeable formation in a range from about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is/ncreased to reduce the API gravity. 

5228. The method of claim 5 197, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

5229. The method of claim 5 197, wherein the provided gas comprises carbon dioxide. 

5230. The method of claim 5 197, wherein the provided gas comprises nitrogen. 

523 1 . The method of clainp 197, wherein the pressure of the provided gas is above 
about 2 bar absolute. / 

5232. The method of claim 5 197, wherein the pressure of the provided gas is below 
about 70 bar absolute, f 
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5233. A method of treating a hydrocarbon containing permeable formation in situ, 
comprising: / 

providing heat from one or more heat sources to at least oire portion of the 
permeable formation; / 

allowing the heat to transfer from the one or more heat sources to a selected 
mobilization section of the permeable formation such that tne heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation; / 

controlling the heat from the one or more heat jsources such that an average 
temperature within at least a majority of the selectedymobilization section of the 
permeable formation is less than about 150°C; / 

allowing the heat to transfer from the one or more heat sources to a selected 
pyrolyzation section of the permeable formation/such that the heat from the one or more 
heat sources can pyrolyze at least some of the liydrocarbons within the selected 
pyrolyzation section of the permeable formation; 

controlling the heat from the one or /more heat sources such that an average 
temperature within at least a majority of tne selected pyrolyzation section of the 
permeable formation is less than about 3^5°C; and 

producing a mixture from the permeable formation in a production well, wherein 
the production well is disposed substauitially horizontally within the permeable formation. 

5234. The method of claim 5233ywherein the one or more heat sources comprise at 
least two heat sources, and wherem superposition of heat from the one or more heat 
sources can mobilize at least some of the hydrocarbons within the selected mobilization 
section of the permeable formffl;ion. 

5235. The method of claim/5233, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from the one or more heat 
sources can pyrolyze at leapt some of the hydrocarbons within the selected pyrolyzation 
section of the permeable formation. 
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5236. The method of claim 5233, wherein the one or more heat so^ces comprise 
electrical heaters. 

5237. The method of claim 5233, wherein the one or more h^at sources comprise 
5 surface burners. 

5238. The method of claim 5233, wherein the one or ^ore heat sources comprise 
flameless distributed combustors. 

10 5239. The method of claim 5233, wherein the opfe or more heat sources comprise natural 
distributed combustors. 



15 



20 



5240. The method of claim 5233, further comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5241 . The method of claim 5233, furtMer comprising controlling a pressure and a 
temperature within at least a majority/of the permeable formation, wherein the pressure is 
controlled as a function of temperat)«:e, or the temperature is controlled as a function of 
pressure. 

5242. The method of claim 52i^3, further comprising controlling the heat such that an 
average heating rate of the selected pyrolyzation section is less than about 15 °C/day 
during pyrolysis. 



25 5243. The method of claiin 5233, wherein providing heat from the one or more heat 
sources to at least the poi/tion of permeable formation comprises: 

heating a selectefl volume (F) of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 
30 selected volume of th(; formation; and 
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wherein heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: / 

Pwr ^ h'^V'^C^^Ps / 
wherein Pwr is the heating energy/day, /z is an average heating rate of the 
formation, Pb is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. / 

5244. The method of claim 5233, wherein allov^ng th/heat to transfer from the one or 
more heat sources to the selected mobilization sectior/and/or the selected pyrolyzation 
section comprises transferring heat substantially byyconduction. 

5245. The method of claim 5233, wherein producing mixture from the permeable 
formation further comprises producing mixture? having an API gravity of at least about 
25°. / . 

5246. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 0.5 % by weight, of the condensable 
hydrocarbons, when calculated on an atomic basis, is nitrogen. 

5247. The method of claim 523 3 /wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less man about 7 % by weight, of the condensable 
hydrocarbons, when calculatedyon an atomic basis, is oxygen. 

5248. The method of claini/5233, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 5 % by weight, of the condensable 
hydrocarbons, when calcinated on an atomic basis, is sulfur. 

5249. The method of 
least a majority of then 
about 2 bar absolute. / 



ilaim 5233, further comprising controlling a pressure v^thin at 
permeable formation, wherein the controlled pressure is at least 
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5250. The method of claim 5233, further comprising altering a pres^e within the 
permeable formation to inhibit production of hydrocarbons from th/permeable formation 
having carbon numbers greater than about 25. 

525 1 . The method of claim 5233, further comprising: 
providing hydrogen (H2) to the heated section to hyd^genate hydrocarbons within 

the section; and 

heating a portion of the section with heat from hVclrogenation. 

5252. The method of claim 5233, wherein the produced mixture comprises condensable 
hydrocarbons and hydrogen, the method further /Comprising hydrogenating a portion of 
the produced condensable hydrocarbons with jk least a portion of the produced hydrogen. 

5253. The method of claim 5233, wherein producing the mixture from the permeable 
formation further comprises producing me mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. 

5254. The method of claim 5^233, further comprising separating the mixture into a gas 
stream and a liquid stream. 

5255. The method of claim 5233, further comprising separating the mixture into a gas 
stream and a liquid stre^ and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. 

5256. The method of claim 5233, wherein the mixture is produced from a production 
well, the method further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 
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5257. The method of claim 5233, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and mrther comprising heating the 
permeable formation with the heater element to produce XIAq mixture, wherein the mixture 
comprises non-condensable hydrocarbons and H2. / 

5258. The method of claim 5233, wherein a minimum mobilization temperature is about 
75 X. / 

5259. The method of claim 5233, wherein a/minimum pyrolysis temperature is about 
270 °C. / 

5260. The method of claim 5233, furthefr comprising maintaining the pressure within the 
permeable formation above about 2 bai/absolute to inhibit production of fluids having 
carbon numbers above 25. / 

5261 . The method of claim 5233,/further comprising controlling pressure within the 
permeable formation in a range frbm about atmospheric pressure to about 100 bar 
absolute, as measured at a wellhead of a production well, to control an amount of 
condensable fluids within the mixture, wherein the pressure is reduced to increase 
production of condensable flu/ds, and wherein the pressure is increased to increase 
production of non-condensable fluids. 

5262. The method of claim 5233, further comprising controlling pressure within the 
permeable formation in alange from about atmospheric pressure to about 100 bar 
absolute, as measured at k wellhead of a production well, to control an API gravity of 
condensable fluids within the mixture, wherein the pressure is reduced to decrease the 
API gravity, and wherein the pressure is increased to reduce the API gravity. 

5263. The method of claim 5233, wherein mobilizing the hydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 
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5264. The method of claim 5233, further comprising providing a s4s to the permeable 
formation, wherein the gas is configured to increase a flow of the>mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation. / 

5265. The method of claim 5233, further comprising pro/iding a gas to the permeable 
formation, wherein the gas is configured to increase a fldw of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, and wherein the gas comprises 
carbon dioxide. / 

5266. The method of claim 5233, further comp/ising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization /ection of the permeable formation to the 
selected pyrolyzation section of the permeaMe formation, and wherein the gas comprises 
nitrogen. / 

5267. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section of the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
hydrocarbons is controlled. / 

5268. The method of claim 5233, further comprising providing a gas to the permeable 
formation, wherein the gas is configured to increase a flow of the mobilized 
hydrocarbons from the selected mobilization section of the permeable formation to the 
selected pyrolyzation section pf the permeable formation, the method further comprising 
controlling a pressure of the provided gas such that the flow of the mobilized 
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hydrocarbons is controlled, wherein the pressure of the provided gas is above about 2 bar 
absolute. / 

5269. The method of claim 5233, further comprising providing a^s to the permeable 
formation, wherein the gas is configured to increase a flow of th/e mobilized 
hydrocarbons from the selected mobilization section of the p^meable formation to the 
selected pyrolyzation section of the permeable formation, tWe method further comprising 
controlling a pressure of the provided gas such that the flpw of the mobilized 
hydrocarbons is controlled, wherein the pressure of the^Jrovided gas is below about 70 
bar absolute. / 

5270. A method of treating a hydrocarbon contaping permeable formation in situ, 
comprising: / 

providing heat from one or more heat Sources to at least one portion of the 
permeable fonnation; / 

allowing the heat to transfer from tMe one or more heat sources to a selected 
mobilization section of the permeable formation such that the heat from the one or more 
heat sources can mobilize at least some^f the hydrocarbons within the selected 
mobilization section of the permeableyrormation; 

controlling the heat from thafone or more heat sources such that an average 
temperature within at least a majomty of the selected mobilization section of the 
permeable formation is less thanAbout 150°C; 

providing a gas to the permeable formation, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons within the permeable formation; and 

producing a mixtureyfrom the permeable formation. 

5271 . The method of claam 5270, wherein the one or more heat sources comprise at 
least two heat sources, atid wherein superposition of heat from the one or more heat 
sources can mobilize a/ least some of the hydrocarbons within the selected mobilization 
section of the permeable formation. 
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5272. The method of claim 5270, wherein the one or more heat sources comprise 
electrical heaters. / 

5273. The method of claim 5270, wherein the one or more heat sources comprise 
surface burners. / 

5274. The method of claim 5270, wherein the one or/more heat sources comprise 
flameless distributed combustors. / 

5275. The method of claim 5270, wherein thcyone or more heat sources comprise natural 
distributed combustors. / 

5276. The method of claim 5270, flirthe/ comprising disposing the one or more heat 
sources horizontally within the permeable formation. 

5277. The method of claim 5270, further comprising controlling a pressure and a 
temperature within at least a majonty of the permeable formation, wherein the pressure is 
controlled as a function of temperature, or the temperature is controlled as a function of 
pressure. / 

5278. The method of claim 5270, wherein providing heat from the one or more heat 
sources to at least the portion of permeable formation comprises: 

heating a selected volume (F) of the hydrocarbon containing permeable formation 
from the one or more Heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 
selected volume of me formation; and 

wherein heating energy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: 

Pwr = hW^Cv'^ps 
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wherein Pwr is the heating energy/day, /i is an average heating rate jof the 
formation, pB is formation bulk density, and wherein the heating rate is/ess than about 10 
°C/day. / 

5279. The method of claim 5270, wherein allowing the heat to^ransfer from the one or 
more heat sources to the selected mobiUzation section comprises transferring heat 
substantially by conduction. / 

5280. The method of claim 5270, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein tne controlled pressure is at least 
about 2 bar absolute. / 

5281. The method of claim 5270, wherein producing the mixture from the permeable 
formation further comprises producing the mixtui/e in a production well, wherein the 
heating is controlled such that the mixture can he produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. / 

5282. The method of claim 5270, wherein producing the mixture from the permeable 
formation further comprises producing tne mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein the production well is disposed substantially horizontally within 
the permeable formation. / 

5283. The method of claim 5270, ftirther comprising separating the mixture into a gas 
stream and a liquid stream. / 

5284. The method of claim 5^70, fiirther comprising separating the mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueous stream and a 
non-aqueous stream. / 
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5285. The method of claim 5270, wherein the mixture is produc^ from a production 
well, the method further comprising heating a wellbore of the OTOduction well to mhibit 
condensation of the mixture within the wellbore. / 

5286. The method of claim 5270, wherein the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heater element configured to 
heat the permeable formation adjacent to the wellbore, and further comprising heating the 
permeable formation with the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and 

5287. The method of claim 5270, wherein a/minimum mobilization temperature is about 
75 °C. / 

5288. The method of claim 5270, whercin mobilizing the hydrocarbons within the 
selected mobilization section comprissis reducing a viscosity of the hydrocarbons. 

5289. The method of claim 5270/wherein the provided gas comprises carbon dioxide. 

5290. The method of claim 5270, wherein the provided gas comprises nitrogen. 

529 1 . The method of clairn^ 5270, further comprising controlling a pressure of the 
provided gas such that theyrlow of the mobilized hydrocarbons is controlled. 

5292. The method of daim 5270, further comprising controlling a pressure of the 
provided gas such tha/ the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is above about 2 bar absolute. 

5293. The method of claim 5270, further comprising controlling a pressure of the 
provided gas such that the flow of the mobilized hydrocarbons is controlled, wherein the 
pressure of the provided gas is below about 70 bar absolute. 
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5294. A method of treating a hydrocarbon containing permeable/ormation in situ, 
comprising: 

providing heat from one or more heat sources to at le^t one portion of the 
permeable formation; 

5 allowing the heat to transfer from the one or mo/e heat sources to a selected 

mobilization section of the permeable formation such4hat the heat from the one or more 
heat sources can mobilize at least some of the hydrocarbons within the selected 
mobilization section of the permeable formation;/ 

controlling the heat from the one or more heat sources such that an average 
10 temperature within at least a majority of the selected mobilization section of the 
permeable formation is less than about 150° 

providing a gas to the permeable forination, wherein the gas is configured to 
increase a flow of the mobilized hydrocarbons within the permeable formation; 

controlling a pressure of the prov/ded gas such that the flow of the mobilized 
15 hydrocarbons is controlled; and 

producing a mixture from the pfermeable formation. 

5295. The method of claim 5294, wherein the one or more heat sources comprise at 
r^- least two heat sources, and wherein superposition of heat from the one or more heat 

P 20 sources can mobilize at least some of the hydrocarbons within the selected mobilization 
O section of the permeable formation. 

/ 

5296. The method of claim 5294, wherein the one or more heat sources compose 
electrical heaters. 



K j 
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5297. The method of claim 5294, wherein the one or more heat sources comprise 
surface burners. 



5298. The method ofi claim 5294, wherein the one or more heat sources comprise 
30 flameless distributed ^ ombustors. 
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5299. The method of claim 5294, wherein the one or more heat purees comprise natural 
distributed combustors. 

5300. The method of claim 5294, further comprising di^osing the one or more heat 
sources horizontally within the permeable formation. 

5301. The method of claim 5294, further composing controlling a pressure and a 
temperature within at least a majority of the penneable formation, wherein the pressure is 
controlled as a function of temperature, or t^e temperature is controlled as a function of 
pressure. 



5302. The method of claim 5294, wherein providing heat from the one or more heat 
sources to at least the portion of pen^ieable formation comprises: 

heating a selected volume^(PO of the hydrocarbon containing permeable formation 
from the one or more heat sources, wherein the formation has an average heat 
capacity(Cv), and wherein the heating pyrolyzes at least some hydrocarbons within the 

selected volume of the formation; and 

/ 

wherein heating energy/day provided to the volume is equal to or less than Pmt, 
wherein Pwr is calculated by the equation: 
Pwr = h''V''C^''PB 

wherein Pwr is tlie heating energy/day, his an average heating rate of the 
formation, Pb is fonnation bulk density, and wherein the heating rate is less than about 10 
°C/day. 



5303. The method of claim 5294, wherein allowing the heat to transfer from the one or 
more heat sources to the selected mobilization section comprises transferring heat 



substantially b/ conduction. 



5304. The method of claim 5294, further comprising controlling a pressure within at 
least a majority of the permeable formation, wherein the controlled pressure is at least 
about 2 bar absolute. 
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5305. The method of claim 5294, wherein producing the mixture uom the permeable 
formation further comprises producing the mixture in a production well, wherein the 
heating is controlled such that the mixture can be produced from the permeable 
formation, and wherein at least about 4 heat sources are disposed in the permeable 
formation for each production well. / 

5306. The method of claim 5294, wherein produciiag the mixture from the permeable 
formation further comprises producing the mixtur^ in a production well, wherein the 
heating is controlled such that the mixture can b/produced from the permeable 
formation, and wherein the production well is aisposed substantially horizontally within 
the permeable formation, / 

5307. The method of claim 5294, further comprising separating the mixture into a gas 
stream and a liquid stream. / 

5308. The method of claim 5294, furmer comprising separating the mixture into a gas 
stream and a liquid stream and separ^ing the liquid stream into an aqueous stream and a 
non-aqueous stream. / 

5309. The method of claim 5294, wherein the mixture is produced from a production 
well, the method fiirther comprising heating a wellbore of the production well to inhibit 
condensation of the mixture Wthin the wellbore. 

53 10. The method of claim 5294, wherein the mixture is produced from a production 
well, wherein a wellbore ot the production well comprises a heater element configured to 
heat the permeable formafion adjacent to the wellbore, and further comprising heating the 
permeable formation wim the heater element to produce the mixture, wherein the mixture 
comprise non-condensable hydrocarbons and H2. 
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5311. The method of claim 5294, wherein a minimum mobilizatio/temperature is about 
75 °C. / 

5312. The method of claim 5294, wherein mobilizing the llydrocarbons within the 
selected mobilization section comprises reducing a viscosity of the hydrocarbons. 

53 13. The method of claim 5294, wherein the provided gas comprises carbon dioxide. 

5314. The method of claim 5294, wherein the provided gas comprises nitrogen. 

5315. The method of claim 5294, whereinyihe pressure of the provided gas is above 
about 2 bar absolute. / 

5316. The method of claim 5294, wherein the pressure of the provided gas is below 
about 70 bar absolute. / 

53 17. A method for treating hypocarbons in at least a portion of a hydrocarbon 
containing formation, wherein me portion has an average permeability of less than about 
10 millidarcy, comprising: / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
increases the permeability of at least a portion of the selected section; and 

producing a mixture comprising hydrocarbons from the formation. 

5318. The method/of claim 53 1 7, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons within the selected section of the 
formation, and wl: erein superposition of heat from at least the two heat sources increases 
the permeability of at least the portion of the selected section. 

V 
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5319. The method of claim 5317, further comprising allowing he^o transfer from at 
least one of the heat sources to the selected section to create themial fractures in the 
formation wherein the thermal fractures substantially increase ^e permeability of the 
selected section. 

5320. The method of claim 53 17, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
^C. 

5321 . The method of claim 53 1 7, wherein at lea^ one of the heat sources comprises an 
electrical heater located in the formation. 

5322. The method of claim 53 1 7, wherein aMeast one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and.fiirther comprising heating the conduit by flowing a hot fluid through 
the conduit. 

5323. The method of claim 53 17, wh^ein at least some of the heat sources are arranged 
in a triangular pattern. 

5324. The method of claim 53 1 7, f^her comprising: 
monitoring a composition of the produced mixture; and 
controlling a pressure in ay least a portion of the formation to control the 

composition of the produced mi?gture. 

5325. The method of claim 5324, wherein the pressure is controlled by a valve 
proximate to a location where me mixture is produced. 



V 
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5326. The method of claim 5324, wherein the pressure is controlled suefh that pressure 
proximate to one or more of the heat sources is greater than a pressur/proximate to a 
location where the fluid is produced. / 

5327. The method of claim 53 1 7, wherein an average distance between heat sources is 
between about 2 m to about 8 m. / 

5328. A method for treating hydrocarbons in at least a4)ortion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
10 millidarcy, comprising: / 

providing heat from one or more heat sources to the formation; 

allowing the heat to transfer from one orymore of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within the selected section, and/wherein heat from the heat sources 
vaporizes at least a portion of the hydrocarbons in the selected section; and 

producing a mixture comprising hwrocarbons from the formation. 

5329. The method of claim 5328, whe/ein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbons v^thin the selected section of the 
formation, and wherein superpositi/n of heat from at least the two heat sources vaporizes 
at least the portion of the hydrocapons in the selected section. 

5330. The method of claim 5/28, fiirther comprising allowing heat to transfer from at 
least one of the heat sources to the selected section to create thermal fractures in the 
formation, wherem the thermal fractures substantially increase the permeability of the 
selected section. / 

533 1 . The method of clalim 5328, wherein the heat is provided such that an average 
temperature in the selectjed section ranges from approximately about 270 °C to about 375 
°C. 
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5332. The method of claim 5328, wherein at least one of the heat/sources comprises an 
electrical heater located in the formation. / 

5333. The method of claim 5328, wherein at least one of me heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further comprising heating the condi/it by flowing a hot fluid through 
the conduit. / 

5334. The method of claim 5328, wherein at leatet some of the heat sources are arranged 
in a triangular pattern. / 

5335. The method of claim 5328, further comprising: 
monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 
composition of the produced mixture./ 

5336. The method of claim 5335/vherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5337. The method of claim /335, wherein the pressure is controlled such that pressure 
proximate to one or more o/the heat sources is greater than a pressure proximate to a 
location where the mixture is produced. 

5338. The method of /laim 5328, wherein an average distance between heat sources is 
between about 2 m toAbout 8 m. 

5339. A method mr treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein the portion has an average permeability of less than about 
1 0 millidarcy, comprising: 
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providing heat from one or more heat sources to the formation, wherein at least 
one of the heat sources is located in a heater well; / 

allowing the heat to transfer from one or more of the heat sources to a selected 
section of the formation such that heat from the heat source^ pyrolyzes at least some 
hydrocarbons within the selected section, and wherein heat from the heat sources 
pressurizes at least a portion of the selected section; ana 

producing a mixture comprising hydrocarbons from the formation, wherein the 
mixture is produced from one or more heater wells/ 

5340. The method of claim 5339, wherein the one or more heat sources comprise at 
least two heat sources, and wherein superposition of heat from at least the two heat 
sources pyrolyzes at least some hydrocarbonis within the selected section of the 
formation. / 

5341. The method of claim 5339, further comprising producing fluid from at least one 
heater well in which is positioned the heat source of the one or more heat sources. 

5342. The method of claim 5339, mrther comprising allowing heat to transfer from at 
least one of the heat sources to the/selected section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected section. / 

5343. The method of claim/5339, wherein the heat is provided such that an average 
temperature in the selected section ranges from approximately about 270 °C to about 375 
°C. / 

5344. The method of clfaim 5339, wherein at least one of the heat sources comprises an 
electrical heater located/ in the formation. 

5345. The method oflclaim 5339, wherein at least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 

1039 Conley, Rose & Tayon, P.C. 

/ 





the formation, and further comprising heating the conduit by flown^ a hot fluid through 
the conduit. / 

5346. The method of claim 5339, wherein at least some of me heat sources are arranged 
in a triangular pattern. / 

5347. The method of claim 5339, further comprising^ 
monitoring a composition of the produced mixture; and 

controlling a pressure in at least a portion ot the formation to control the 
composition of the produced mixture. / 

5348. The method of claim 5347, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is/produced. 

5349. The method of claim 5347, wherein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the mixture is producer. 

5350. The method of claim 5339 wherein an average distance between heat sources is 
between about 2 m to about 8 m./ 

535 1 . A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, whereiiythe portion has an average permeability of less than about 
10 miUidarcy, comprising: / 

providing heat from yone or more heat sources to the formation; 

allowing the heat ta transfer from one or more of the heat sources to a selected 
first section of the formation such that heat from the heat sources creates a pyrolysis zone 
wherein at least some hyarocarbons are pyrolyzed within the first selected section, and 
allowing the heat to transfer from one or more of the heat sources to a selected second 
section of the formation such that heat from the heat sources heats at least some 



1040 



Conley, Rose & Tayon, P C. 



hydrocarbons within the selected second section to a temperature iesythan the average 
temperature within the pyrolysis zone; and 

producing a mixture comprising hydrocarbons from the formation. 

5352. The method of claim 535 1 , wherein the one or more4ieat sources comprise at 
least two heat sources, and wherein superposition of heat/from the at least two heat 
sources pyrolyzes at least some hydrocarbons within the selected first section of the 
formation, and wherein superposition of heat from th^at least two heat sources heats at 
least some hydrocarbons within the selected seconcy section to a temperature less than the 
average temperature within the pyrolysis zone. 

5353. The method of claim 5351, wherein at least some heated hydrocarbons within the 
selected second section flow into the pyrolys/s zone. 

5354. The method of claim 5351, wherein the heat decreases the viscosity of at least 
some of the hydrocarbons in the selected second section. 



5355. The method of claim 535 1 , fuither comprising allowing heat to transfer from at 
least one of the heat sources to the selected first section to create thermal fractures in the 
formation, wherein the thermal fractures substantially increase the permeability of the 
selected first section. 



5356. The method of claim 5j51, further comprising allowing heat to transfer from at 
least one of the heat sources to the selected second section to create thermal fractures in 
the formation, wherein the thermal fractures substantially increase the permeability of the 
selected second section. 



5357. The method of claim 5351, wherein the heat is provided such that an average 



temperature in the select 
375 °C. 



first section ranges from approximately about 270 °C to about 
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5358. The method of claim 535 1, wherein the heat is provided such that an average 
temperature in the selected second section ranges from approxiipately about 1 80 °C to 
about 250 °C. 

5359. The method of claim 535 1, wherein a viscosity of At least some of the 
hydrocarbons in the selected second section ranges fro^ approximately about 20 
centipoise to about 1000 centipoise. 

5360. The method of claim 5351, wherein at lea^t one of the heat sources comprises an 
electrical heater located in the formation. 

5361. The method of claim 5351, wherein a/least one of the heat sources is located in a 
heater well, and wherein at least one of the heater wells comprises a conduit located in 
the formation, and further comprising heating the conduit by flowing a hot fluid through 
the conduit. 




5362. The method of claim 535 1, further comprising: 

/ 

monitoring a composition of /the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 

/ 

composition of the produced mixture. 



5363. The method of claim 5362, wherein the pressure is controlled by a valve 

/ 

proximate to a location where^ the mixture is produced. 



5364. The method of claim 5362, wherein the pressure is controlled such that pressure 

/ 

proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 



5365. The method of claim 5361, wherein the pressure in the selected second section is 

I 

substantially greater than the pressure in the selected first section. 
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5366. The method of claim 5351, wherein at least some of the heat so^ces are arranged 
in a triangular pattern. / 

5367. The method of claim 535 1 , wherein an average distance between heat sources in 
the selected first section is less than an average distance be^een heat sources in the 
selected second section. / 

5368. The method of claim 535 1 , wherein the heatis provided to the selected first 
section before heat is provided to the selected secemd section. 

5369. The method of claim 535 1 , wherein the selected first section comprises at least 
one production well. / 

5370. The method of claim 535 1, wherein an average distance between heat sources in 
the selected first section is between about 2 m to about 10 m. 

5371. The method of claim 5351, wherein an average distance between heat sources in 
the selected second section is between about 5 m to about 20 m. 

5372. The method of claim 5:^5 1, wherein the selected first section comprises a planar 
region. / 

5373. The method of claim 535 1, wherein at least one row of the heat sources provides 
heat to the planar region. / 

5374. The method of c/aim 5373 wherein a length of a row is between about 75 m to 
about 125 m. / 

5375. The method of claim 5372, wherein the planar region comprises a vertical 
hydraulic fi-acture. / 
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5376. The method of claim 5375, wherein a width of the verticalyftydraulic fracture is 
between about 0.3 cm to about 2.5 cm. 

5377. The method of claim 5375, wherein a length of the vej?{ical hydraulic fracture is 
5 between about 75 m to about 125 m. 

5378. The method of claim 535 1, wherein at least one/fing comprising the heat sources 
provides heat to the selected first section. 

10 5379. The method of claim 5378, wherein at lea^^ one ring comprising the heat sources 
provides heat to the selected second section. 

5380. The method of claim 5378, wherein tKe ring comprises a polygon. 



15 



5381. The method of claim 5378, wherem the ring comprises a regular polygon. 



5382. The method of claim 5378, whfrein the ring comprises a hexagon. 



20 



25 



30 



5383 . The method of claim 5378, wherein the ring comprises a triangle. 

5384. A method for treating hydrocarbons in at least a portion of a hydrocarbon 
containing formation, wherein/the portion has an average permeability of less than about 
10 millidarcy, comprising: 

providing heat fromAhree or more heat sources to the formation; 

allowing the heat to transfer from three or more of the heat sources to a selected 
section of the formation such that heat from the heat sources pyrolyzes at least some 
hydrocarbons within th© selected section, and at least three of the heat sources are 
arranged in a substantially triangular pattern; and 

producing a mpcture comprising hydrocarbons from the formation. 
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5385. The method of claim 5384, wherein superposition of heat from at least the three 
heat sources pyrolyzes at least some hydrocarbons within the sej^cted section of the 
formation. 

5386. The method of claim 5384, wherein the mixture is produced from a production 
well located in a triangular region created by at least three heat sources. 

5387. The method of claim 5384, fiirther comprising allowing heat to transfer from at 
least one of the heat sources to the selected section/to create thermal fractures in the 
formation, wherein the thermal fractures substan^ally increase the permeability of the 
selected section. 

5388. The method of claim 5384, whereinythe heat is provided such that an average 
temperature in the selected section rangesyfrom approximately about 270 °C to about 375 
°C. 

5389. The method of claim 5384, wb/erein at least one of the heat sources comprises a 
electrical heater located in the formation. 

5390. The method of claim 5384; wherein at least one of the heat sources is located in a 
heater well, and wherein at leastyone of the heater wells comprises a conduit located in 
the formation, and fiirther comprising heating the conduit by flowing a hot fluid through 
the conduit. 

539 1 . The method of claim/5384, wherein at least some of the heat sources are arranged 
in a triangular pattern. 



5392. The method of claim 5384, further comprising: 

monitoring a conmosition of the produced mixture; and 

controlling a pressure in at least a portion of the formation to control the 

composition of the produced mixture. 
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5393. The method of claim 5392, wherein the pressure is controlled by a valve 
proximate to a location where the mixture is produced. 

5394. The method of claim 5392, \ynerein the pressure is controlled such that pressure 
proximate to one or more of the heat sources is greater than a pressure proximate to a 
location where the fluid is produced. 

5395. The method of claim 5^84, wherein an average distance between heat sources is 
between about 2 m to about 8 m. 
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